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Abstract
Background
Diabetic foot ulcers (DFUs) are a growing medical problem worldwide reaching
concerning levels (IDF, 2017). Advanced wound care therapies are continuing
to evolve to match the growing epidemic. The effect of combined ultrasound
and electric current stimulation (CUSECS) on DFUs is still only a new focus.
This study aims to investigate if CUSECS is an effective adjunctive treatment
for chronic DFU when compared with standard wound care (SWC).

Method: A randomised controlled pilot study design was employed. Eleven
participants with chronic DFUs from two centres were sequentially
randomised. For eight weeks the experimental group (n=6) received
CUSECS and SWC treatment twice a week; the control group (n=5) received
SWC treatment once a week. The CUSECS device utilised delivers
ultrasound at modulating frequency (1.0-3.0 MHz) and intensity (0.0- 2.0
W/cm2) via a probe and electrostimulation at varying intensity (4000Hz–
4250Hz) via electrodes. Wound size percentage was documented via
photograph and measured for size. Ankle dorsiflexion, self-efficacy,
economic cost, quality of life (QOL), pain and reoccurrence rates were
analysed as secondary objectives.
Results / Discussion: The experimental group achieved higher rate of
mean wound healing than the control group with two completing full healing
in the experimental group and one completing full healing in the control
group. There were no statistically significant findings. There were no direct
adverse reactions to this therapy. Mental health scores to improved and
physical health scores decreased in wounds which portrayed an increase in
healing rates. There was no significant change in ankle dorsiflexion, selfefficacy scores or pain in either group. In the four-week follow-up, the
experimental group continued to have a greater wound size improvement
compared to the control group. The experimental group’s direct costings
were higher however healing rate was quicker which could be extrapolated to
cost reductions over time.
11

Conclusion: Results suggest that CUSECS is a useful adjunctive therapy
for treatment of chronic DFUs. Further large-scale studies are needed to
ascertain the effectiveness of CUSECS. The findings here indicate that
CUSECS offer promise as a treatment.
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1.0 Introduction
Diabetes mellitus is becoming increasingly prevalent and is predicted to be
one of the greatest health concerns and challenges for individuals and for
society in the future (IDF, 2017). According to the International Diabetes
Federation (IDF) report in 2017, it is estimated that 8.8% of adults (425
million people) aged between 20-79 years have diabetes and its related
complications. This figure is estimated to rise by 48% (625 million) in the
year 2045. In Ireland the prevalence of diabetes in the same population
group is 4.1% (IDF, 2017).
Diabetic foot ulcers (DFUs) are chronic complex complications of diabetes in
which the normal healing process is disrupted and an ulcer is present for
more than three weeks without any evidence of healing, or of the ability to
develop structural or functional integrity (Schultz et al., 2003). Peripheral
vascular disease, infections, peripheral neuropathy, abnormal biomechanics
and individual behaviours are among the many predisposing factors
responsible for increasing the risk of ulceration and prolonging the healing
time (Edwards and Stapley, 2002, Tresierra-Ayala and Rojas, 2017).
Internationally, wounds have been described as a silent epidemic with having
a major threat to health systems (Boulton et al., 2005a). It is estimated that
25% of the diabetic population will develop a foot ulceration in their lifetime
(Singh et al., 2005). Furthermore, diabetes is the leading cause of nontraumatic limb amputation in the world. This is illustrated by the fact that an
individual with diabetes is 22.3 times more likely to undergo a non-traumatic
amputation than an individual without diabetes (Buckley et al., 2012). The
IDF (2017) have revealed the severity of the consequence, stating that every
30 seconds a lower limb or part of a lower limb is lost to amputation
somewhere in the world as a result to diabetes.
Another known contributing factor to DFU is decreased muscle strength and
limited joint mobility. Research indicates that high glucose concentrations
can affect the structure of collagen, leading to thickening and stiffness in the
main tendons and ligaments of the foot-ankle complex (Giacomozzi et al.,
15

2005). This effects important muscles such the Achilles tendons which play a
key role in ankle joint motion and can result in the alteration of plantar
pressure during gait, a phenomenon associated with recurrent planter
diabetic foot ulceration (Giacomozzi et al., 2002, D’Ambrogi et al., 2003,
Francia et al., 2015).
DFUs are a cyclical problem as within eighteen months following amputation,
almost 50% of these people will develop ulceration on the collateral limb and
58% of these will have further amputations within three to five years
(Apelqvist, 2012). In addition, there is a three-year mortality rate for 20-50%
of those after their first amputation (IDF, 2017). Research indicates that the
developments of DFUs and their reoccurrence might be correlated to an
individual’s self-efficacy and preventative behaviour. However, this is still
debatable as research has found there to be both significant findings
(McCleary-Jones, 2011, D'Souza et al., 2017) and non-significant findings
(Perrin et al., 2009, Wendling and Beadle, 2015) in previously published
studies. This will be discussed in greater detail in the literature review
chapter (Section 2.3)
It is recognised that prolonged ulceration or limb loss has a substantial effect
on the quality of life on the individual and their families (Jeffcoate et al.,
2018). It causes a loss of mobility for an individual and therefore decreases
their social functioning (Winkley et al., 2012). Furthermore, up to one third of
people will suffer with intractable pain despite having neuropathy (Davies et
al., 2006, Abbott et al., 2011)
DFUs also have a significant financial burden on the individual and on the
healthcare system from primary care, community care, outpatient costs
through to increased bed occupancy and prolonged stay in hospital. When
compared to diabetics without foot ulcers, the cost of care for diabetics with
foot ulcers is 5.4 times higher (IDF, 2017). Smith et al. (2004) found that in
Ireland, the inpatient cost of treating a diabetic ulcer over one year was
estimated at €23,500 per patient. The significant burden to the patient as well
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as the healthcare system elucidates the need for a more effective therapy to
improve healing rates of DFUs.
To date no single treatment regime for DFUs has been universally adopted;
however several aspects of care have been accepted as standard (Greer et
al., 2012, Wounds International, 2013, Alavi et al., 2014, Powers et al.,
2016). Currently, the standard management for DFU include debridement of
necrotic tissue, infection control, pressure offloading, management of blood
glucose levels and patient education (Greer et al., 2013). Yet, these wounds
often do not respond to standard management and enter a chronic status.
This is a challenge for clinicians as it results in the consumption of significant
clinical time and hospital resources (Bell and Cavorsi, 2008). Therefore, the
management of foot disease in diabetes remains a major therapeutic
challenge throughout the world.
The International Working Group of the Diabetic Foot highlight the continuing
difficulties in selecting clinically effective treatments for DFUs and diabetic
foot infections (Game et al., 2016, Peters et al., 2016). This is despite
manufactures responding to chronic wounds by introducing new wound care
products and treatment options to stimulate wound healing. Game et al.
(2016) and Peter et al. (2016), in separate systematic reviews found relative
weaknesses of evidence to support the use of a number of treatment options
available. Such treatments include dressings, Larvae therapy, negative
pressure therapy and other adjunctive treatments. Ultrasound and
electrostimulation have also been reviewed in numerous studies and their
effectiveness in wound healing has been evaluated (Baker et al., 2001, Ennis
et al., 2006, Driver et al., 2011, Thakral et al., 2013, Yao et al., 2014, Wirsing
et al., 2015 Game et al., 2016).
Therapeutic ultrasound has been employed in sports medicine and physical
therapy for many years. However, clinicians have recently become aware of
its potential benefits in wound care. Ultrasound reduces the inflammatory
phase and promotes the proliferative phase of healing. Its benefits include
increasing blood flow to the wound and surrounding area, increasing
17

vascular permeability, stimulation of angiogenesis, cellular protein synthesis
and reducing wound infection (Hess et al., 2003, Dalecki, 2004, Ennis et al.,
2005, Serena et al., 2009).
There has been an increased focus of research on therapeutic ultrasound
and it is showing promising results in the treatment of DFUs. These positive
effects of ultrasound have been examined in various studies such as in a
randomised control trial (RCT) conducted by Ennis et al. (2005). This study
reported that when ultrasound was administered three times a week for
treatment of DFUs, the healing rates in the intervention group yielded higher
results at 40.7% when compared to the control group 14.3% (Ennis et al.,
2005).
The effect of differing amounts of ultrasound per week on DFU healing rates
was measured by Yao et al. (2014). They found that those receiving
treatment three times per week had a greater wound size reduction of 86%
and better wound outcomes. Positive results were also portrayed in a single
armed retrospective review conducted by Bell and Cavorsi (2008). They
analysed seventy-six participants with chronic ulcers of various wound
etiologies and found that ultrasound used as an adjunctive treatment
reduced wound size by a median of 79% (Bell and Cavorsi, 2008).
Electrostimulation was found to have an effect on a range of mechanisms
such as stimulation of endothelial cells to migrate and promote angiogenesis
(Shiojima and Walsh, 2002, Zhao et al., 2004), enhance the migration of
cells such as macrophages and fibroblasts improvement in tensile strength,
stimulation of protein and DNA synthesis, reductions in oedema, decreased
bacterial growth and reduction in pain (Baker et al., 1997). Electrical
stimulation is also capable of reintroducing the diminished transepithelial
potentials in chronic wounds, thus promoting wound healing (Hess et al.,
2003, Kloth, 2005).
Widespread interest and research into the use of electrostimulation as an
adjunctive therapy is evident in wound care and has been confirmed in many
18

studies. In a twelve-week RCT which included one hundred and forty-five
participants with DFUs, Peters et al. (2001) found that 65% of wounds in the
experimental group had achieved full epithelisation compared with 35% in
the sham group. Overall there was no significance in wound size reduction;
however it was found that those who were more compliant to the treatment
had better healing outcomes. Wirsing et al. (2015) reported a mean wound
size reduction of 95% in a prospective case series of forty-seven patients
with various wound aetiologies treated with electrostimulation for eight
weeks. In this cohort of patient, in which there were six DFUs, the study
observed a clear progression of wound healing in all participants (Wirsing et
al., 2015). Likewise, Thakral et al. (2013) identified that electrical stimulation
is a beneficial adjunctive therapy to accelerate wound healing in 14 out of 16
RCTs reviewed for healing post plastic surgical wounds.
In a non-comparative study, Herberger et al. (2012) found that when
electrostimulation was applied twice a day for thirty minutes over seven days
to a cohort of nine-five patients (14.7%= DFU), there was a 44.7% wound
size decrease along with a reduction in fibrin, exudate, necrosis and wound
odour (Herberger et al., 2012). In earlier research, Baker et al. (1997)
researched diabetic ulcers treated with different currents of electrical
stimulation. The study found that an asymmetric biphasic waveform was
more effective than a symmetric biphasic waveform, micro current waveform
or the control for increasing wound healing rates in diabetic ulcers. Healing
was enhanced by nearly 60% over the control rate of healing in thirty-three
out of the one hundred and fourteen wounds studied.
Individually, ultrasound and electrostimulation have provided positive results
in research studies in improving wound healing. They each have healing
factors that that complement and supplement each other; therefore, it seems
reasonable to combine both therapies as done and justified by four published
studies. In a study carried out by Avrahami et al. (2015), the utilisation of
CUSECS in four health centres reported 59.3% of DFU achieved 50%
closure within four weeks of treatment. Similar to this, when CUSECS was
integrated as an adjunctive therapy in a study conducted by Toscanella et al.
19

(2016), thirteen out of the eighteen wounds showed an average healing rate
of 20.97%. In a retrospective study which included four hundred and fifteen
participants with mixed wound aetiologies, Rosenblum et al. 2017 found that
CUSECS had a statistically significant effect on wound closure (p<0.01). In a
prospective case series, O’ Connor et al. (2017) found a mean wound size
reduction of 71% in seven DFUs when treated twice a week with CUSECS.
In all three studies, there was no adverse reaction to the therapy and
therefore the authors suggest that CUSECS offers promise as an adjunctive
therapy for DFU.
This study will build on the existing evidence and will provide the first RCT
data for this therapy. It aims to provide continued improvement in evidenced
based treatment for DFUs. This in turn can improve patients’ health related
quality of life, patients’ self-efficacy and decrease a financial stress on the
patient and health service. This study is a prospective, randomised control
trial, which aims to investigate if CUSECS is an effective adjunctive therapy
for treating DFU when compared with standard care treatment.
In order to explore the current published literature on treatments for DFUs, a
literature review was undertaken and discussed in Chapter 2 of this
dissertation. The current literature and research in regard to the
management of DFUs and CUSECS treatment, effect of a DFU on a
person’s health related quality of life and self-efficacy, DFU pain, the
economic cost of DFU and the effect of CUSECS on ankle muscle
movement along with re-ulceration rates are examined. In Chapter 3 the
aims and objectives of this research study and the research question are
stated and the methodology and research design used in this study are
reviewed. Along with this, the chapter explores the data collection tools and
method utilised, the sampling framework, ethical considerations and data
analysis. In Chapter 4, the results from the study are presented and they are
discussed and compared with previous literature in Chapter 5. Chapter 6
concludes the research dissertation with a summary of outcomes found in
this study, recommendations for clinical practice and for further research.
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Chapter Two: Literature Review
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2.0 Introduction
This chapter provides an in-depth literature review, identifying previous
published literature in addition to the gaps in current research correlating to
the present study. Following a search strategy, the emerging themes
identified were critically reviewed through analysis of studies’ research
methodology and results. This chapter concludes with a summary from this
literature review and the overall aim of the present study.
2.1 Search strategy
A literature search was carried out on electronic database including
EMBASE, Science Direct, Cochrane and CINAHL. Keywords searched
included diabetic foot ulcer, diabetic foot ulcer treatment, combined
ultrasound and electric current stimulation for studies published from 19922018. The reference lists of the identified articles were examined to ensure
they were suitable to be included. Articles retrieved were appraised using
the Critical Appraisal Skills Programme (2017) checklists to evaluate the
quality of studies. The following limitations were used; English language,
peer-reviewed research articles published since 1992. The abstracts of
studies returned from the above searches were read and relevant articles
retrieved and reviewed.
Primary research articles which were accessible, written in the English
language and relevant to DFUs and their treatments were included in this
review. Further literature was identified from research studies and articles
retrieved through back searching reference lists. It was found that there was
ample literature published surrounding diabetic foot ulcers and their
treatments. However, there were only three studies published relating to the
treatment of DFUs with CUSECS, two studies had been carried out in Israel
and the other took place in Ireland. Thus, highlighting the need to carry out
research in this area and to provide further testing on this treatment.
Following the literature research, key elements were identified. These
included DFUs, quality of life and pain, self-efficacy, ankle dorsiflexion,
treatment for DFUs and CUSECS. The following literature review is
22

discussed under these primary headings.
2.2 Diabetic foot ulcer
An ulcer is defined as ‘a break in the skin involving the loss of epithelium
which may extend down in to the dermis and towards the bone and tendons
(Lipsky et al., 2012). Diabetic foot ulcers (DFU) are seldom caused by a
single pathology. Instead they are believed to arise from an interplay of
various factors (Boulton, 2004, Sinwar, 2015). The triad of peripheral
neuropathy, peripheral vascular disease and structural foot deformity are
considered to be the three main predisposing factors for DFU development
(Falanga, 2005, Prompers, 2008, Barshes et al., 2013).
Neuropathy is considered to be the most damaging as research indicates it is
associated with the development of 78% of DFUs (Young et al., 1994, Reiber
et al., 1999). Other causative factors include biomechanical abnormalities,
foot deformities, trauma, ill-fitting footwear, poor glycaemic control, end-stage
renal disease and increase in age (Rathur and Boulton, 2007, Barshes et al.,
2013, Sinwar, 2015). In addition, individual behaviour has been found to
have a significant influence on determining the course of ulcer healing and its
recurrence (Singh et al., 2005).
DFUs often fail to heal through the orderly sequence of wound healing
phases and become chronic despite appropriate care provided (Jeffcoate et
al., 2004). Authors can differ on the timeline as to when to classify a wound
as chronic. Generally, it is believed that wounds requiring six weeks or more
to heal are labelled as chronic (Singh et al., 2005); however others suggest
that if there isn’t a clear reduction of 15% weekly in wound size or
approximately 50% reduction in wound size over one month, the wound is
classified as chronic (Sheehan et al., 2003). It is thought that intrinsic factors
such as excessive activity of the matrix metalloproteinase collagenase and
elastase, abnormal production of growth factors and high levels of protease
and extra cellular matrix don’t allow the ulcer to progress from the
inflammatory or proliferative phase (Jeffcoate et al., 2004, Liu et al., 2009,
Schultz et al., 2011). Healing can also be inhibited by extrinsic factors such
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as repetitive trauma and exacerbated by infection and ischaemia (Sinwar,
2015, Ahmad, 2016). Overall, DFUs are heterogeneous and their healing is
strongly influenced by the underlying pathophysiological mechanisms along
with complexity of diabetes.
2.3 Quality of life and Diabetic foot ulcers
DFUs present a significant QOL problem for individuals with the health
related quality of life (HRQOL) of those with DFUs being adversely affected
(Bradbury and Price, 2011). DFUs result in a decrease in mobility, loss of
employment, reduced income, an increase in the dependence on others and
many other deficits related to activities of daily living and mental health
(Ismail et al., 2007).
A greater understanding of patients’ QOL is essential amongst clinicians.
This is illustrated by Wilson et al. (2000) where they found a significant
variability between patient’s HRQOL ratings and how physicians perceived
the patient’s HRQOL to be. In this study when rating scores were compared
between both groups, it was reported that patients’ overall QOL, social
functioning and role functioning were found to be substantially
underestimated by the physician (Wilson et al., 2000). It is important to
recognise that QOL is a subjective experience and that it can be perceived
by individuals in different ways (Wilson et al., 2000). Therefore, it is
necessary for clinicians to incorporate accessing a patient’s HRQOL when
treating their DFUs. The complexity of diabetes and the connected comorbidities can make it difficult to fully assess the effect of an ulcer itself on
HRQOL (Nabuurs-Franssen et al., 2005). However, as discussed below,
there are many studies which confirm the burden of DFU.
In a prospective multi-centre study, Nabuurs-Franseen et al. (2005) analysed
patients with diabetes over a three-month period to evaluate the effect of
DFU on their QOL. Participants completed a SF-36 questionnaire at two time
points, 20 weeks and 34 weeks after the trial commenced. From time point
one to two there was a significantly higher HRQOL scores in physical
functioning, social functioning and in the overall physical summary score
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(p<0.05) in the participants with healed DFUs. The HRQOL of patients with
persistent ulcerations dis-improved throughout the trial period thus
suggesting that HRQOL declines considerably in patients whose ulcers don’t
heal (Nabuurs-Franssen et al., 2005)
A similar finding was reported by Hoban et al. (2015) who compared the
QOL in patients with diabetes, with and without foot ulcers. There was a
significant relationship found between poor physical health and those with
DFUs (34±10; p<0.001) when compared to those without a DFU (48±11). In
addition to this, the study reported from the results of participants completing
the Hospital Anxiety and Depression Scale (HANDS) questionnaire that foot
problems had an association with mental health symptoms such as
depression, pain and suicidal behaviour (6± 4; p< 0.001) (Hoban et al.,
2015).
This is supported by findings from Ismail et al. (2007) who recorded
depression in one-third of individuals with diabetes who had developed their
first foot ulcer. These emotional issues among patients with DFU may effect
treatment and outcomes (Ismail et al., 2007). However, it is important to note
that in the study conducted by Hoban et al. (2015) there was a large
standard deviation in scores between patients in the same group. For
example, the relationship between foot problems and role limitations due to
emotional problems was 71 ± 42 (mean ± SD) and the between foot
problems and role limitations to physical health was 28 ± 38 (mean ± SD).
This might be due to subjectivity and potential bias associated with the use of
self-answered questionnaires (Hoban et al., 2015).
In a prospective, observational study Ribu et al. (2008) examined the healing
rates of DFUs and its effect on patients’ HRQOL over a one-year period.
Data was collected at initial recruitment, at six months and after twelve
months and HRQOL was self-assessed using the SF-36 (Ribu et al., 2008).
This study, similar to Hoban et al. (2015) found that those with a DFU
presented with lower mental health scores and those with healing ulcers
reported to have better mental health scores than those with persistent
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ulceration. A noticeable difference was found in the mean scores in the
physical function subscale between the DFU group (40.8) and the healed
group (59.1) and in the mental health subscale between DFU group (66.5)
and the healed group (77.6) (Ribu et al., 2008). The RCT carried out by
Armstrong et al. (2008) is consistent with those reported in previous studies
confirming that HRQOL is negatively affected by active foot ulceration, with
low scores portrayed in both physical and mental health in particular. In
addition to this, Armstrong et al. (2008) evaluated the effect of different
pressure-offloading modalities on HRQOL, finding that a patient’s QOL
improved regardless of the pressure offloading device used. These results
indicate that DFU patients’ HRQOL and overall satisfaction is to do with
successful healing time as opposed to how the wound is treated (Armstrong
et al., 2008).
To illustrate the health status of those who underwent minor and major lower
extremity amputations as a result of DFUs, Tennvall and Apelqvist (2000)
sent a EuroQol questionnaire and Visual Analogue Scale to 457 patients in
which a 70% response rate was obtained. Those with current ulcers had
lower health status when compared with those whose ulcers had healed as a
result of amputation or who had undergone a minor amputation. Additionally,
those who underwent a major amputation regarded their health status as
poor when compared with patients with healed ulcers and with those who
underwent a minor amputation (Tennvall and Apelqvist, 2000). This study
agrees with Armstrong et al. (2008), in believing that there is a fundamental
importance of choosing a treatment that speeds up healing time and
prevents amputations.
Overall, the QOL of individuals with a DFU is greatly decreased and this
burden is emphasised when compared with those who have diabetes without
a foot ulcer. It is clear that the longer the ulcer is present, the further the QOL
decreases thus emphasising the need for a treatment to successfully
increase healing rates.
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2.4 Pain
Pain experienced in chronic wounds can be caused by the physical presence
of the wound, the treatment, arterial insufficiency or wound complications
(Domingues et al., 2016). However, the prevalence of diabetic peripheral
neuropathy in individuals with diabetes ranges from 16% to 66%, thus many
of those with DFUs are incapable of feeling pain due to this nerve damage
(Boulton et al., 2005a, Boulton et al., 2008).
Pain that is experienced as a result of chronic wounds can generate a
negative impact on the QOL of patients and their families (Domingues et al.,
2016). In a cohort of 127 patients with DFUs, Ribu et al. (2008) found that
75% of patients report some pain related to DFUs while 57% reported DFU
pain while walking, standing and during the night. This was assessed using
SF-36 and Diabetic Foot Scale. Ribu et al. (2008) also found that those with
DFU pain had clinically significant poorer HRQOL scores when compared to
those without pain. A significant decrease in the social functioning subscale
of SF-36 was also found for those with DFU pain. However, the author notes
that the pain these patients might be experiencing could originate from other
chronic medical conditions or associated with peripheral neuropathy. This
was not evaluated as part of this study and neither was pain intensity
measured which could provide more definitive conclusions to the results
(Ribu et al., 2008).
The majority of patients with diabetes do not have the ‘gift of pain’ and
therefore don’t experience pain related to their DFU (Sibbald et al., 2003).
However, for the small percentage that do, pain can have a significant impact
on their QOL and hence this emphasises the need to improve healing rates
of chronic DFUs.
2.5 Self-efficacy
Self-efficacy has been shown to be an effective predictor for appropriate selfmanagement for many chronic health conditions (Bernal et al., 2000, Aljasem
et al., 2001). It has been noted as a key concept in health education and
behaviours which has been derived from the Social Learning Theory
27

(Bandura and Walters, 1977). It’s believed that “efficacy expectations” are
beliefs surrounding the capability one feels they are in performing a certain
behaviours that leads to a certain outcome (Bandura and Walters, 1977).
Self-efficacy has the potential to be a predictor of short and long term
success in health behaviour change and maintenance, however despite its
critical role it has received little attention (Aljasem et al., 2001)
Research in the management of diabetes by improving self-management
behaviour through self-efficacy demonstrates mixed results (Armstrong et al.,
2003, Bell et al., 2005, De Berardis et al., 2005). Bell et al. (2005)
interviewed 701 participants with diabetes to assess foot care behaviour. The
study found that there was a large deviation in those who carried out foot
care practices. Only a total of 35.6% were committed to checking their feet
daily and 79.2% did not soak their feet (Bell et al., 2005). De Berardis et al.
(2005) believe that the key to improve self-management and foot care
practices is through foot education. This study examined 3,564 individuals
with diabetes and reported those who received foot education or had a
health care professional examine their feet were more inclined to regularly
check their feet. On the other hand 33% of participants didn’t examine their
feet due to lack of clinician input (De Berardis et al., 2005). However, despite
results and suggestions from studies carried out by Bell et al. (2005) and De
Berardis et al. (2005), when participants with DFUs were examined in a
study conducted by Armstrong et al. (2003), it was found that those with
active foot ulcers were less inclined to adhere to their off-loading regiment
they were advised to carry out. It is important to note that this study had a
small participant number of twenty subjects which reduces the strength of the
study’s results (Armstrong et al., 2003).
The association between self-efficacy and self-management behaviours in
223 adults with type 2 diabetes was evaluated by Al-Khawaldeh et al. (2012).
Participants were required to complete three questionnaires and a structural
interview which, along with medical records, provided the data for the study.
Those with higher self-efficacy had better scores in self-management
behaviours regarding taking medication, their diet, glucose testing and in
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exercise. More than half the participants didn’t have their diabetes under
control and had low self-efficacy scores and suboptimal self-management
behaviour.
In this study, Al-Khawaldeh et al. (2012) also assessed foot care through the
Diabetes Management Self-Efficacy Scale and the revised Summary of
Diabetes Self-Care Activities consisted of subscales which incorporated
assessing foot care behaviours. Foot care was amongst the least performed
behaviours. The mean times per week participants checked their feet was
5.6 times and inspected their shoes was once a week on average. The
author suggests that participants may have differing perceptions of the
importance of behaviours such as foot care and that barriers such as lack of
knowledge present. Therefore, Al-Khawaldeh et al. (2012) believes that selfefficacy is a key part of diabetes education programs in enabling patients to
become more confident in managing their diabetes and to reduce barriers
impeding them to do so (Al-Khawaldeh et al., 2012).
In a similar study, self-efficacy and self-care behaviours among participants
with type two diabetes was examined by D’Souza et al. (2017) using the
Diabetes Management Self-Efficacy Scale and the revised Summary of
Diabetes Self-care Activities Scale. In this smaller participation group of 140
adults, glycaemic control had an effect on improving self-efficacy and
behaviours. Foot care was also evaluated as a behaviour and compared to
other behaviours such as blood sugar testing and taking medication.
Interestingly, foot care had the highest mean and standard deviation for selfcare behaviours (4.14±1.51) and for self-efficacy (5.32 ± 2.26) when
compared to other behaviours among the study cohort. Overall, D’Souza et
al. (2017) believes that improivng self-management behaviours with
conditions such as diabeties is essential for building confidence in indviduals
and will delay disease progression.
The correlation between foot care and self-efficacy is not yet widely
independently studied. Perrin and Snow (2009) exclusively investigated the
self-efficacy beliefs of diabetics in undertaking preventative foot care
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behaviours. Data was collected in this cross-sectional study through a selfreported “Foot Care Confidence Scale” questionnaire which was filled out by
ninety-six participants with diabetes and neuropathy. The results found a
small correlation between self-efficacy and preventative foot behaviours (r =
0.2, p = 0.05), however there was no association found linking self-efficacy
beliefs with potentially damaging foot behaviour. This study found there was
no difference in self-efficacy beliefs between those with and without a history
of foot pathology. Perrin et al. (2009) therefore concludes the belief that selfefficacy is not a useful predictive variable for foot-care behaviour (Perrin et
al., 2009).
It is important to note that some of the reviewed studies such as Armstrong
et al. (2003) and Perrin et al. (2009) have small sample sizes. Along with
this, self-selection in to the study is a limitation. Those who responded to the
questionnaires may have had more confidence in managing their own foot
care and been more eager to participate in filling out the questionnaire than
those with less confidence. Furthermore, despite the results indicating a high
level of confidence among the research study groups, it doesn’t necessarily
imply that people actually carry out these foot management activities.
Overall self-efficacy may have an effect on foot behaviour and therefore may
be associated with the development and the healing time of a DFU. Although
there have been mixed reviews on the association between self-efficacy and
change in behaviour, there has been no study published yet with the primary
focus of examining the relationship between self-efficacy and DFUs.
Therefore, further research is required to provide clinicians with evidence to
support the implementation of self-efficacy focused programs in to patient
management plans.
2.6 Economic cost
The chronic complications of diabetes have a significant financial impact on
national health systems. These costs are expected to increase further with
10% of the world’s population being diagnosed with diabetes by 2030 (IDF,
2017). Therefore, there will be a subsequent rise in diabetes related
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complications such as DFUs. This will be experienced first-hand by
healthcare professionals along with the government encountering a
significant increase in cost of care.
The assessment of the exact overall cost for managing a DFU is complex
due to the associated material cost, frequency of dressing changes, clinician
time, assessment cost and hospital admission (Stockl et al., 2004). In Ireland
currently, there is limited data published on the overall cost of managing foot
ulcers on an outpatient basis; however an audit was conducted by Smith et
al. (2004) on DFU admissions a large teaching hospital in Ireland over a one
year period. Out of the thirty-one patients that were admitted with DFUs
being their primary complaint, eight patients underwent a lower limb
amputation. The study calculated the net cost of managing DFU to be over
€700,000 in one year with the average hospital stay 20.3 ± 30.7days (mean,
SD). This cost excludes routine blood tests and antibiotic treatments which
were highly likely to have been required and the author therefore suggests
that at least an extra €100,000 could be added to overall cost stated (Smith
et al., 2004).
Gillespie (2014) carried out a cost analysis on 220 people with diabetes in
Ireland to evaluate the effect DFU have on the cost of care for diabetes in
Ireland. Costs were calculated over an eighteen-month period and found that
the mean healthcare cost was €9,566 for those being treated for a DFU
compared to a cost of €2,785 for those without foot ulceration. However, it is
important to note that the cost analysis was conducted only on fifteen
patients with a DFU and on a greater number of two-hundred and five
participants who were ulcer free.
In the U.K, a large expenditure of almost 0.6% (£580million) of the NHS
budget is spent on diabetic foot care. Kerr et al. (2014) examined the
economic burden of the diabetic foot in England from 2010-2011 data. The
review found that ulcer care at primary and community healthcare centres
made up approximately half the expenditure (£307million). Focusing on
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direct cost per patient, the research estimated that cost ranged from £3,456
for ulcer to £9,477 for diabetic foot associated amputation (Kerr et al., 2014).
While these costs are of concern, they are much lower than stated in the
Eurodiale report which carried out a comparative examination of the cost of
DFUs in five countries: Germany, Spain, France, U.K and Spain. In this
review the total cost of an ulcer was $6,174 in 2002 for German subjects with
the mean cost of an ulcer was $14,441 across all five countries in 2005. The
increasing prevalence and economic burden is evident from Tchero et al.
(2018) systematic review stating an increase in total amputation cost ranging
from $15,046 in 2001 to $38,621 in 2005. Likewise, an increase was seen in
the total cost of treating an uninfected ulcer from $6,174 in 2002 to $14,441
only three years later in 2005. Although the costs calculated from each study
were converted to the equivalent value of 2016 dollars ($) for comparison
purposes, it is important to note that different methods were used to calculate
the cost of the diabetic foot across the European countries. This may be the
reason behind the drastically different costs discovered (Tchero et al., 2018).
It is clear from the above research that DFUs generate a large economic cost
that has been found to similar to the cost of other chronic medical conditions
such as stroke, cancer and heart disease (Skrepnek et al., 2017). An
extensive proportion of every country’s health service expenditure is spent
on DFUs which highlights its worldwide burden. An improvement in treatment
and patient education is essential to reduce the economic impact chronic
DFUs have.
2.7 Ankle range of motion
Numerous research studies have been published indicating that limited joint
mobility in the ankle is a contributing factor to the development of DFU
(Reiber et al., 1999, Boulton et al., 2008). It is believed that chronic
hyperglycaemia alters the tissues by producing an excess of non-enzymatic
glycosylation of collagen and advanced glycation and products. This leads to
an increase in crosslinking of collagen fibers and in turn a decrease in the
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elasticity and tensile strength of tendons and ligaments (DeGroot, 2004,
Brownlee, 2005, Rao et al., 2006, Abate et al., 2013).
The altering of the structure and functionality in tendons, ligaments and
muscles such as the Achilles tendon and plantar fascia, influences joint
mobility at the ankle and metatarsophalangeal joints (D’Ambrogi et al., 2003,
Giacomozzi et al., 2005, Abate et al., 2011). Reduced joint range of motion in
the foot-ankle complex alters significant dynamic movements such as gait
and causes abnormal distribution of plantar pressure in the feet throughout
the whole gait cycle (Zimny et al., 2004). This results in the alteration of the
load at the forefoot during the propulsion phase of gait, increasing stress on
sub epidermal tissue and putting the foot at high risk of tissue breakdown
(Uccioli et al., 2001, Giacomozzi et al., 2002, Zimny et al., 2004, Rao et al.,
2010).
Limited joint mobility is reported to increase with the level of diabetic
peripheral neuropathy present (Zimny et al., 2004, Halawa et al., 2017).
Giacomozzi et al. (2005) studied sixty-one patients with diabetes both with
and without neuropathy and compared them to twenty-one healthy
individuals. This study found that when the Achilles tendon and plantar fascia
were assessed by ultrasound, they were both significantly thicker in
participants with diabetes than those in the control group. Furthermore, when
measurements were contrasted amongst participants with diabetes, those
who had neuropathy had considerably more thickening of Achilles tendon &
plantar fascia (Giacomozzi et al., 2005). However, an alteration in joint
range of motion has also been found in those with diabetes even before
clinical neuropathy or any other relevant complications have developed
(Zimny et al., 2004, Francia et al., 2014). Therefore, it is important for
clinicians to observe patients’ ankle range of motion even before symptoms
of neuropathy occur.
The association between the aging process and the decrease in the mobility
of joints is also well documented (Nitz and Choy, 2004, Scott et al., 2007). To
verify that diabetes alters joint mobility, independent of age, Francia et al.
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(2015) compared those with and without diabetes in an age matched cohort.
Interestingly, young subjects with diabetes had significantly reduced mobility
at the ankle joint when compared to their age-match control (Francia et al.,
2015). This supports Amin et al. (2005) and Abate et al. (2013) who reported
that limited joint mobility can occur a few years after being diagnosed with
diabetes, regardless of age (Amin et al., 2005, Abate et al., 2013).
Francia et al. (2015) also examined the direct connection between limited
ankle joint mobility and foot ulceration in an eight year-long study. Patients
with both type 1 and type 2 diabetes and foot ulcerations had significantly
reduced ankle joint mobility in dorsiflexion when compared to the nondiabetic control group. In addition, 77.3% of those with foot ulcers in the
study developed their first foot ulcers on the foot which had a lower ankle
joint mobility score (Francia et al., 2015).
The relationship between plantar pressure and ankle equinus in the
population with diabetes has been researched by Searle et al. (2017) in a
systematic review. Out of the fifteen studies eligible to be included, four
found no relationship between reduced ankle dorsiflexion and an increase in
plantar pressure (Payne et al., 2002, Rao et al., 2006, Guldemond et al.,
2008, Tang et al., 2015) and three studies only found a small significant
increase in plantar pressure. In all studies which included a sample
population with a history of diabetic neuropathic foot ulcerations, both limited
ankle joint dorsiflexion and higher levels of plantar pressure were evident. On
the other hand, no relationship was found in studies in which the population
had neuropathy but no history of foot ulceration. Therefore, concluding that
elevated plantar pressures and ankle equinus increase the risk of DFUs
(Searle et al., 2017). These results are comparable to Frykberg et al. (2012)
and Boffeli et al. (2002) who also found a strong association between limited
ankle joint mobility and foot ulceration with Frykberg et al. (2012) describing
an fourfold increase risk in the equinus group.
It is worthy of note that there are some confounding variables which can lead
to a potential for error in literature measuring ankle range of motion. The
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multiple attempts at measurements could lead to stretching different
posterior muscle groups in participants, producing inaccurate results (Searle
et al., 2017). Along with this, there is some degree of variability between
clinicians’ techniques and various instruments can provide conflicting
measurements (Boffeli et al., 2002, Searle et al., 2017). Therefore, all results
must be reviewed with caution and ankle range of motion measurements by
a goniometer should be used in combination with other assessments before
the incorporation of results in to a management plan.
The progressive deficit in joint range of motion is asymptomatic and therefore
can be difficult to prevent in clinical practice (Abate et al., 2013, GruberBaldini et al., 2017). However, the reduction in ankle range of motion is an
additional indicator in assessing whether a foot is at risk of ulceration and
should be routinely carried out on all patients with diabetes (Francia et al.,
2015). To conclude, limited joint mobility and ankle equinus cause a
disruption the plantar pressure and to the weight distribution during an
individual’s gait. This reduced ankle range of motion is strongly correlated to
the development of chronic DFU. The assessment of ankle range of motion
should be routinely incorporated in diabetic foot screening tools in order to
reduce the development of DFUs.
2.8 Diabetic foot ulcer reoccurrence
The frequency of ulcer recurrence in individuals with diabetes was
investigated in the Eurodiale study which analysed over 1,200 patients with
diabetes. Dubsky et al. (2013) found that during a three-year follow-up in
patients with a healed DFU, there was a 57.5% ulcer recurrence rate. This
was despite routinely follow-up visits and regular patient education provided
by a health professional (Dubský et al., 2013). Similar results were published
by Armstrong et al. (2017) who found that 17-60% of patients are at risk of
re-ulceration within three years after healing and by Peters et al. (2007) in
which 60.5% of their participants developed an ulcer in the 31.5 month
follow-up period. The ulcer site more likely to re-ulcerate has also been
evaluated. Peters et al. (2007) and Dubsky et al. (2013) found ulcerations on
the plantar aspect of the foot were at higher risk of re-ulceration. This is more
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than likely due to the abnormal load distributed through the plantar foot,
repetitive injury along with reduction in sensation (Peters et al., 2007).
Ankle range of motion may also be a contributing factor to ulcer recurrence.
Mueller et al. (2003) analysed individuals with diabetes who had five degrees
or less of ankle dorsiflexion and who had diabetic neuropathic ulcerations.
The study compared outcomes of those treated with a total contact cast with
and without Achilles tendon lengthening. At a two-year follow-up fifty-two out
of the original sixty-four subjects were reviewed and it was found that 81%
(21/26) in the total contact cast group and 38% (10/26) in the Achilles tendon
lengthening and total contact cast group had re-ulcerated. Therefore, this
study highlights that limited ankle range of motion is a significant contributing
factor in ulceration and re-ulceration rates (Mueller et al., 2003).
For those who undergo an amputation, the risk is still high. In a more recent
retrospective study, Molines-Barroso et al. (2017) reported a median reulceration free time of eight months in patients with diabetes who had an
amputation, as the study found that 47ڄ
1% of the cohort re-ulcerated
(MolinesǦ
Barroso et al., 2017). For this reason prevention of ulcer recurrence
is a major clinical challenge and it is essential that an evidenced based
management program tailored to the patient is implemented (Mantey et al.,
1999).
From the above literature research on DFUs it is evident that QOL, pain, selfefficacy, economic cost, ankle range of motion and DFU recurrence can be
strongly associated with chronic DFUs. It is essential for all factors to be
considered during a diabetic foot assessment in order to ensure each patient
is management with a holistic outlook. The next section of this literature
review will examine DFU treatment.
2.9 Treatment of Diabetic foot ulcer
2.9.1 Physiology of wound healing
Tissue repair in many chronic DFUs is very slow despite the committed
efforts of clinicians (Falanga, 2005, Tellechea et al., 2010). As illustrated in
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Figure 2.1, wound healing has four distinct but overlapping phases which are
vasoconstriction, inflammation, proliferation and remodeling. The process is
well-orchestrated and is designed to restore the skin’s integrity through
tissue synthesis and tissue degradation (Cullen et al., 2002). The
physiological event involves the migration of cells, proliferation, deposition of
extracellular matrix (ECM) and remodelling (Falanga, 2005, Li et al., 2007,
Enoch and Leaper, 2008). A break in the skin initiates a cellular response to
commence wound healing which involves the activation of keratinocytes,
fibroblasts, endothelial cells, macrophages and platelets. Many growth
factors and cytokines released by these cell types are needed to coordinate
and maintain healing (Brem and Tomic-Canic, 2007). Wound healing is
regulated through sequential events and any alteration made this process
can lead to a non-healing wound at risk of becoming chronic (Cullen et al.,
2002).

Coagulation phase
•Platlet aggregation
•Release of fibrinogen and proinflammatory
mediators

Inflammation phase
•Increase in vascular permeability
•Cell recruitment e.g neutrophil, macrophage, lymphocyte
•Chemotaxis resulting in leukocytes digesting bacteria,
foreign debris and necrotic tissue
Proliferation phase
•Angiogensis
•ECM deposition and contraction
•Deposition of granulation tissue

Remodelling phase
•Tissue remodeling and scar formation
•Increase in tensile strength of scar

Figure 2. 1: Stages of wound heali ng adapted from Li et al . (2007) and
Enoch and Leaper (2008)
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For an individual with diabetes, the linear progression of wound healing and
overlapping of healing phases doesn’t tend to take place in synchrony.
Instead, healing becomes stagnant in different stages (Falanga, 2005). In
diabetes, wound healing can be interfered by numerous factors as shown in
Table 2.1, ranging from disease-specific intrinsic factors to extrinsic factors
such as excessive trauma and infection.

Table 2. 1: Intrinsic and Extrinsic factors affecting wound healing
Intrinsic

Extrinsic

x Vascular complications

x Wound infection

x Neuropathy

x Callus formation

x Glucose control

x Excessive pressure to the site
(Sinwar, 2015, Ahmad, 2016)

Hyperglycaemia decreases and impairs the production of cytokines and their
receptors which effects the function of many cells involved in wound healing
such as macrophages, the collagen accumulation processes, quality of
granulation tissue (Qing, 2017). Phenotypic changes have been identified in
fibroblasts during the proliferative stages as they show reduced response to
cytokines and platelet-derived growth factors (Falanga, 2005). Macrophages
have also shown to have a reduced rate in releasing cytokines such as
tumour necrosis factor-a (Falanga, 2005). Along with this, research has
found that those with diabetes have impaired growth factor production
(Falanga, 2005, Galkowska et al., 2006, Goren et al., 2006), poor quantity of
granulation tissue (Falanga, 2005), an imbalance between the accumulation
of extracellular matrix components and remodelling by matrix
metalloproteinases (Lobmann et al., 2002) and have a reduced angiogenic
response (Galiano et al., 2004, Falanga, 2005).
Sheehan et al. (2003) highlighted the challenge of healing DFUs by providing
a realistic expectation of their chance of healing. The study found that if a
DFU is not 50% smaller in surface area after standard wound care treatment
for four weeks, they are unlikely to heal by week twelve. Authors speculate
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that endothelial dysfunction may have an effect on the blood flow and the
capacity to provide oxygen and nutrients to the wound, thus affecting healing
rates (Guo and DiPietro, 2010).
Diabetes and its complications are complex and with its significant increase,
it is becoming one of the world’s main cause of morbidity and mortality. It is
estimated that 25% of the diabetic population will develop a foot ulceration in
their lifetime which can independently increase the risk of amputation and
mortality (Singh et al., 2005). In studies of causal pathways leading to lower
extremity diabetic amputations, foot ulcers are the most frequent precursor
(Ribu et al., 2008, Jupiter et al., 2016, IDF, 2017). Ribu et al. (2008) reported
over a one year period, in a cohort of one hundred and seventy-seven
patients with DFUs only 37% of ulcers healed and 9% underwent amputation
(Ribu et al., 2008). Diabetes morbidity rates are extremely high with up to
63% of individuals having a five year mortality rate following a lower limb
amputation (Jupiter et al., 2016). This severe mortality rate is similar if not
worse than many common types of cancer and just falls below the mortality
rate of lung cancer (Armstrong et al., 2007, IDF, 2017). This severity of DFUs
was highlighted by Iversen et al. (2009) who reported that 49% of individuals
with a history of a DFU had a ten-year mortality rate. This was compared
with 35.5% for those diagnosed with diabetes and who presented with no
ulcer (Iversen et al., 2009). Furthermore, the association of cardiovascular
disease, microalbuminuria, anxiety or depression among the DFU group
increased the risk of mortality. Thus, highlighting that close clinical
monitoring is essential.
Overall the complexity of DFU is a major challenge for clinicians with many
different factors interfering with their healing, resulting in a chronic wound at
high risk of amputation.
2.9.2 Standard care of treatment
DFU treatment is reliant on a comprehensive holistic assessment of the
wound and the patient along with providing an up-to-date evidence-based
management plan with the available resources (Wound management
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guidelines, 2018). This next section will discuss the standard treatment for
DFU involving debridement, the application of dressings and pressure relief.
2.9.2.1 Wound debridement
Wound healing is dependent on adequate wound bed preparation (Schultz et
al., 2003). Debridement is vital for preparation the wound bed, the removal of
biofilms and acceleration of wound healing (Saap and Falanga, 2002, Steed,
2004, Kim and Steinberg, 2012). Sharp debridement is the most common
type of debridement used in DFU management in which it effectively
removes non-viable tissue and hyperkeratotic tissue (Falanga, 2005, Brem
and Tomic-Canic, 2007).
It is thought that DFUs are stagnant in the inflammatory or proliferative stage
of wound healing and have an excess build-up of matrix proteins. This
creates a difficult environment for cell migration and cells become trapped
and incapable of carrying out wound healing to their full ability. It is believed
that the removal of devitalised tissue, unresponsive cells and biofilms
through debridement aids the correction of these cellular and molecular
abnormalities (Falanga, 2000, Falanga, 2004). The removal of hyperkeratotic
tissue through debridement will also significantly reduce plantar pressure,
decrease stress on plantar tissues and prevent wound ischaemia (Boulton,
2004, Alavi et al., 2014).
However, despite debridement being standard care in wound healing there
are no comparable up to date studies published which specifically analyse
the effect of debridement. In a study conducted by Steed et al. (1995)
debridement of diabetic neuropathic ulcers was evaluated as a secondary
objective. It found that healing rates were superior in the centres in which
sharp debridement was carried out more frequently (Steed, 1995). In a
retrospective study, Wilcox et al. (2013) investigated the healing outcomes
and debridement frequency in a large wound data set. Venous leg ulcers
accounted for 26.1% of the wounds followed by 19% of DFU and 16.2%
pressure ulcers. The median debridement was twice a week resulting in
70.8% of wound healing however the author doesn’t provide the individual
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healing outcomes of the specific wound types (Wilcox et al., 2013). Despite
the positive results the study is limited by being retrospective and
debridement procedure not being completely standardised.
2.9.2.2 Wound dressing
The application of wound dressings is an essential part in encouraging
wound healing as it attempts to replicate the skins natural properties (Morin
and Tomaselli, 2007). Dressings act as a protective barrier for the wound
and enables an optimal wound environment, one which is warm, moist and
clean (Okan et al., 2007, Alavi et al., 2014). Clinicians tend to abide by four
main principles when choosing a wound dressing; hydrate a wound if
dehydrated, if there is excess exudate it needs to be absorbed, if there is
foreign debris present then debridement is necessary and if there are clinical
signs of infection, an antimicrobial agent needs to be used (Morin and
Tomaselli, 2007).
There are numerous dressing options available to clinicians treating DFUs
ranging from hydrogels to hydrocolloids, low adherent dressings, foams,
calcium alginates and hydorfibers. All dressings carry out different function
and it is necessary for clinicians to fully assess the DFU to match the
dressings with the needs of the wound at each treatment. The type of
dressing generally used to match different wound presentations in DFUs is
illustrated in Table 2.2. Due to the presentation of DFUs constantly changing,
there are little if any RCTs published that portray one type of wound dressing
greater than the other (Morin and Tomaselli, 2007). Therefore, the choice of
dressing is determined on the status and characteristic of the wound.
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Table 2. 2: DFU wound presentation and matched dressing types
adapted from Wounds International (2013) and HSE National Wound
Management Guidelines (2018)
Tissue Type

Explanation

Wound

Dressing

dressing

type choices

objectives
Necrotic

Black or brown in appearance and

Hydration of

Hydrocollid

may be dry and leathery in

wound

Hydrogel

texture. It is caused by tissue

bed

death secondary to ischaemia.

Promote
autolytic
debridement

Sloughy

Granulating

Tissue presents yellow/white

Control

Hydrocollid

appearance and is comprised of

moisture

Hydrogel

dead cellular debris. Slough can

balance

Foam

adhere to the wound due to fibrin

Promote

Alginate

deposits making removal of this

autolytic

tissue type difficult.

debridement

Tissue which is bright red and

Maintain

Hydrocollid

often uneven and granular in

moisture

Foam

appearance.

balance

Has a rich extra-cellular matrix is

Protect new

composed of collagen, hyaluronic

tissue growth

acid and
fibronectin.
Epithelisation

Tissue migrates across the wound

Protect new

Hydrocolloid

surface. It is usually

tissue

Polyurethane

pinkish in colour.

growth

film
Foam
Non-adherent

Infected

Foreign bodies are present and/or

Reduce

Antimicrobial

when gross contamination by dirt

bacterial load

dressing

or bacteria has occurred.

Odour and

Tissue is often friable and dull or

exudate

beefy red in colour

control
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2.9.2.3 Pressure Offloading
Insufficient pressure redistribution on the plantar foot is correlated with
delayed wound healing (Armstrong et al., 2001). Generally in the
management of the DFU, pressure offloading involves either the use of total
contact casts, therapeutic shoes or padding (Cavanagh et al., 2005). Total
contact casts are the gold standard option for pressure relief and for many
years have proved beneficial in accelerating wound healing (Mueller et al.,
1989, Cavanagh et al., 2005). Literature as far back as Mueller (1989) have
found that healing rates in stagnant neuropathic ulcers to greatly improve
when offloaded with total contact casts. This study included twenty-one
participants of which 90% of ulcers had healed in six weeks compared with a
33% healing rate in control group who received standard dressing treatment.
In two separate published studies, Lavery et al. (1997) and Armstrong et al.
(2005) both found healing rates to be superior in participants who used a
total contact cast when compared with other off-loading devices. However, it
was noted in both studies that healing was dependant on reduced activity
levels and patient adherence to the advised management plan (Lavery et al.,
1997, Armstrong et al., 2005). This was also portrayed in a systematic review
were only 25-28% of patients wore the prescribed removable offloading
device and thus which resulted in a reduction in healing rates where
offloading wasn’t abided to (Bus et al., 2008). Therefore, it is for this reason
why evidence has shown that non removable total contact casts have a
higher success rate in offloading DFU and have superior healing rates
(Armstrong et al., 2005, Bus et al., 2008)
When a wound is unresponsive to initial management or remains stagnant
despite appropriate standard of care, the standard wound care must be
modified and additional modalities may be required. In the case of a chronic
wound it is necessary that the molecular and cellular environment of the
wound bed is converted into that of an acute healing wound (Schultz et al.,
2003). DFUs develop in 15% of the diabetic population (Boulton, 2000) and
the failure for them to heal increases the risk of lower extremity amputations
at which diabetes is currently the leading cause of in the world (IDF, 2017).
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The complexity of DFUs and the connected co-mobilities make every ulcer
unique in type and presentation. It is for this reason why there is not one
single treatment regimen for DFUs that has been universally adopted
(Jeffcoate et al., 2004, Boateng et al., 2008, Game et al., 2016). Therefore, it
is essential to continue to test new and established treatments in order to
encourage faster healing. Many manufacturers have responded to the
difficulties clinicians face when treating chronic wounds by developing new
wound care products and treatments to try and stimulate healing. Despite the
large development in advanced wound care therapies and continuing
introduction of new wound care treatments, the effectiveness, efficacy and
adverse effects of many have not been tested through controlled or
comparative studies (O’Meara et al., 2001, Eldor et al., 2004, Greer et al.,
2013).
2.10 Adjunctive therapy
The use of adjunctive therapies when standard treatment for DFU fails is
increasing in popularity with numerous adjunctive treatments widely available
as shown in Table 2.3. In two separate systematic reviews, relative
weakness of evidence was found to support the use of a number of
treatment options available e.g. larvae therapy, negative pressure therapy,
growth factors (Game et al., 2016, Peters et al., 2016). However adjunctive
therapies are not yet routinely used in many clinical settings and therefore
more studies are required to confirm results. Sheehan et al. (2003) found
that when a DFU are not 50% smaller in surface area after four weeks of
optimal care were unlikely to heal by week twelve. Thus, a decision to use an
adjunctive therapy on a non-healing wound after four week of standard
treatment, would increase the evidence on the beneficial effectiveness of
these interventions (Sheehan et al., 2003, Kirsner et al., 2010).
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Table 2. 3: Adjunctive therapies
Adjunctive Therapies
 Negative pressure wound

 Ultrasound therapy

therapy

 Electric current stimulation

 Hyperbaric oxygen therapy

therapy

 Larvae therapy

 Collagen Products

 Platelet-rich plasma therapy
 Growth factors
 Bioengineered skin equivalents
(Steed, 1995, Greer et al., 2012, Game et al., 2016, Peters et al., 2016, Yu et
al., 2016)
This study focuses on the use of ultrasound and electrical stimulation as an
adjunctive treatment for healing chronic DFU. Combined there are currently a
limited number of studies analysing combined ultrasound and electrical
current stimulation (CUSECS) due to this treatment being relatively new.
However, separately they have reported positive results. Studies testing the
effectiveness of ultrasound and electrical stimulation have been summarised
separately in Table 2.4. Table 2.5 and Table 2.6.
2.10.1 Ultrasound
Ultrasound is defined as a mechanical vibration transmitted at a frequency
above the upper limit of human hearing (>20 KHz) (Baker et al., 2001, Ennis
et al., 2006). Recently, there has been an increase in the use of therapeutic
ultrasound in wound care, which is transmitted through a medium (gel) and
operated at a 1-3 MHz range. As illustrated in Figure 2.2, ultrasound has
found to be promote wound healing by increasing angiogenesis, nitric oxide
levels, stimulating fibroblasts and collagen production along with increasing
macrophage responsiveness (Doan et al., 1999, Baker et al., 2001, Reher et
al., 2002, Dalecki, 2004). This is believed to be carried out through two
different mechanism, acoustical cavitation and microstreaming in which both
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use ultrasound energy to cause changes in cellular activities in the tissue
(Dijkmans et al., 2004, Ennis et al., 2005).

Increase
angiogenesis

Increase
in nitric
oxide
levels

Increase
macrophage

Ultrasound

Stimulation
collagen
production

Stimulation
fibroblast

Figure 2. 2: Properties of ultrasound in wound healing
adatped from
Doan et al ., 1999, Baker et al ., 2001, Reher et al ., 2002 and Dalecki, 2004 .

The safety and efficacy of ultrasound as an adjunctive therapy for treatment
of DFUs was investigated by Ennis et al. (2005). This prospective
randomised double blinded controlled study included one hundred and
thirteen participants with DFUs. Those randomly divided in to the
experimental group received 40 KHz of ultrasound at an intensity of 0.1-0.5
W/cm2 for four minutes while the control group received treatment through a
sham device delivering no ultrasound waves. In this multicenter trial, both
groups attended clinic for treatment three times a week for twelve weeks or
until the wound was healed. Participants in both groups were also required to
wear a fixed ankle foot walker and appropriate diabetic management was
provided e.g. standard foot care education and advice on glycemic control, to
ensure consistency. Only the clinician who opened the randomisation
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envelopes was not blinded which added strength to the study and its
findings. Overall 40.7% of wounds in the ultrasound group healed compared
to 14.3% in the sham group (P=0.0366). These values are consistent with
the findings of older studies such as Margolis et al. (1999), who in analyzing
healing rates of DFUs from control groups in clinical trials, found that after
twelve weeks of standard care a healing rate of 24.2% should be anticipated.
Furthermore the device was found to be safe as it was well tolerated by
participants and no adverse events occurred (Ennis et al., 2005).
Additionally, Ennis et al. (2006) tested the effectiveness of non-contact
ultrasound in a prospective study analysing twenty-three participants, twelve
with DFUs. The microcirculatory flow patterns within the wound bed were
also assessed by a Doppler and Transcutaneous oximetry (TcPO2)
measurements in this study. The study had a limited inclusion and exclusion
criteria in order to test the treatment within a relatable wound clinic setting.
Ultrasound was administered three times per week for twelve weeks with
wound size measurements taken weekly. Data assessing microcirculation
found there to be an increase in blood flow and in angiogenesis in wound.
Overall 69% of wounds healed in this study with a 66.6% healing rate of
participants with DFUs (Ennis et al., 2006).
Ennis et al. (2006) compared the results from this study with a set of historic
control data that were treated with electrical stimulation, megahertz-based
ultrasound or a combination of the two in the same clinic. In the historic
group of 122 participants, 72% wounds healed with a healing rate of 77% of
DFUs. Despite the results in the historic group presenting more favourably,
this data is difficult for comparative purposes as their participation number
were much larger. Along with this, there were more patients presenting with
diabetic wounds (n=30) and the conditions in which the trial was carried out
may have differed from this study (Ennis et al., 2006).
The effect of the frequency of ultrasound administration was investigated by
Yao et al. (2014). A small participation group of twelve individuals with DFUs
were randomly assigned into one of the three groups; Group one received
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ultrasound three times a week, Group two received ultrasound once a week
and Group three represented the control group as they received no
ultrasound waves. All subjects received standard wound care along with
offloading management. After five weeks those who received 40 KHz
ultrasound treatment three times a week had best outcomes in terms of
wound reduction, with an 86% reduction in wound size when compared to
both other groups (P <0.05). This finding supports the work conducted by
Ennis et al. (2005) where ultrasound administered three times a week
portrayed higher healing rates than the sham group (Yao et al., 2014).
Driver et al. (2011) carried out a meta-analysis of eight published studies
which evaluated the effect of ultrasound on the healing rates of chronic
wounds. Studies included were all retrospective analyses bar one which was
a RCT. Overall, ultrasound was associated with 85.2% wound area reduction
over a mean of seven weeks. Three studies in the review reported a
decrease in patient reported pain by 78-80% following ultrasound
administration. Driver et al. (2011) believes from this review that a clinician
can expect 33% of wounds to heal completely by six weeks and 42% of
wounds to heal by twelve weeks (Driver et al., 2011).
To conclude, therapeutic ultrasound has shown a positive effect on wound
healing through an increase in microcirculation. Overall the treatment is
safe, portraying no adverse effects with a greater amount of treatment
administration a week generating higher healing rates.
2.10.2 Electrical stimulation
The rationale of using electric stimulation in wound healing is based on the
theory of the endogenous bio-electric system (Kloth and McCulloch, 1996,
Kloth, 2005). It has been found that a low amperage electrical current is
found within the skin which is generated from the voltage difference found
between the surface of the epidermis and the deeper layers of the skin
(Kloth, 2014). In humans when there is a break in the skin such as a cut, the
current’s transepithelial potential in the skin is disrupted. This results in the
establishment of a ‘current of injury’ in which a temporary electric field is
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generated. This promotes the migration of macrophages, neutrophils and
activate fibroblasts, key contributors to the wound healing process (Gardner
et al., 1999). Macrophages and neutrophils remove debris and destroy
invading bacteria. They move the wound from the inflammatory phase to the
proliferative phase of wound healing by stimulating fibroblasts, collagen
synthesis and angiogenesis in the wound. Fibroblast synthesis the
extracellular matrix causing wound contracture which progresses the wound
through to the remodelling phase of wound healing as previously depicted in
section 2.9.1 Figure 2.1 (Ridiandries et al. 2018).
However, studies have reported that this ‘current of injury’ only lasts a short
length of time as a lack of electrical energy has been found in the presence
of chronic wounds. This is due to the inability of the endogenous electric field
to prolong its stimulation and to match the needs of complex wound such as
DFUs (Kloth and McCulloch, 1996). When this occurs an external source of
electrical current is necessary to imitate the natural electrical field generated
and to ensure the wound healing processes remains stimulated (Boriani et
al., 2008).
In electrotherapy the goal is to produce a physiological change in order to
correct the impaired electrical ‘current of injury’ in the wound. The electric
currents are administered by electrodes which are placed on the surface of
the skin surrounding the ulcer. The aim is to send an electrical current to the
wound to stimulate the migration of key cells to the wound (Thawer and
Houghton, 2001, Herberger et al., 2015). Currents can be administered at
different frequencies through alternating or direct current flows with the
overall goal being to initiate the body’s own healing process (Zhao et al.,
2006, Herberger et al., 2015). The beneficial properties of electrical
stimulation in the wound healing process is depicted in Figure 2.3.

49

Promotion of
epithelial,
fibroblast,
neutrophil and
macrophage cells
Decreased
bacterial
growth

Reduction
in oedema

Electrical
sitmulation
Improvement
of blood flow

Reduction
in pain

Stimulation
of protein
and DNA
synthesis

Figure 2. 3: Properties of Elec trostimulation in wound healing
from Thawer and Houghton, 2001 , Herberger et al ., 2015.

adapted

There is a growing body of evidence in research verifying the positive effect
electrical stimulation has on DFU healing rates. It is believed that electrical
stimulation promotes wound healing by increasing vascular perfusion to the
affected wound. Peters et al. (1998) assessed the vascular perfusion of
nineteen subjects with diabetes before and after sessions of electrical
stimulation in a two-day study. Subjects were divided into those with
impaired peripheral perfusion (TcPO2 <40mmHg) and those without such
impairment (TcPO2 >40mmHg). Vascular assessment included laser
Doppler Flowmetry and the evaluation of TcPO2 values. The study found
that those with impaired peripheral perfusion showed a significant rise in
tissue oxygenation when compared to those without vascular disease. This
improvement in skin perfusion was seen in the first hour after electrical
stimulation. However, the long-term effect of electrical stimulation on skin
perfusion was not sustained and was not significant (p= 0.280). The study
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indicates that electrical stimulation is effective in generating a rise in skin
perfusion in those with diabetes and peripheral vascular disease; however
this subject cohort was small and a larger participant number would be
necessary to strengthen the reliability of these results (Peters et al., 1998).
Gilcreast et al. (1998) tested the effect of electrical stimulation on skin
perfusion in one hundred and thirty-two subjects with diabetes who had or
were at risk of developing a DFU. Data recording skin perfusion was
collected by evaluating the TcPO2 levels before, during and after the
application of electrical stimulation to the foot and room temperature
remained at a mean of 22°C. In contrast to Peters et al. (1998), this study
found foot oxygen levels to decrease significantly when treated with electrical
stimulation. However, there was no comparator in this study to strengthen
the results and the study also failed to mention if there was an effect on the
wound size of the 18% of subjects who had a foot ulceration (Gilcreast et al.,
1998).
In later study, Lawson and Petrofsky (2007) examined the effect electrical
stimulation and room temperature on the healing rate and on the blood flow
in chronic ulcers. The participants included consisted of ten individuals with
diabetes and ten individuals without diabetes who received an adjunctive
treatment of biphasic electrical stimulation. Treatment was carried out three
times a week for four weeks and each session lasted for thirty minutes in a
32°C room. The healing rate over one month in the group with diabetes was
32.3% compared to 22.3% in the non-diabetic group. Interestingly, when skin
blood flow was measured by laser images in the group with diabetes, it was
found that there was a large increase in skin blood flow around the wound;
however only a small change was noted in the wound bed itself. The author
suggests that there may not have been enough electrical stimulation
generated to effect blood flow in an individual with endothelial cell
dysfunction such as an individual with diabetes (Lawson and Petrofsky,
2007).
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One of the authors of this research carried out further study to see if heat or
the combination of both heat and electrical stimulation positively influenced
healing rates as seen in Lawson and Petrofsky (2007). In a study with twenty
chronic DFUs Petrofsky et al. (2010) randomised participants in to a group
receiving local heat and a group treated by local heat and electrical
stimulation three times a week over a four-week period. Local heat was
administered at 37°C a higher temperature than Lawson and Petrofsky
(2007) and electrical stimulation was biphasic stimulation at 30Hz. There
was slightly more of an increase in blood flow in the local heat group (25.3%)
when compared to the electrical stimulation and heat group (23.4%).
However, the wound surface area decreased more significantly in the
electrical stimulation and heat group (28.6%) over a one-month period in
comparison to the heat group (22.6%). Therefore the author concludes that
local heat and electrical stimulation, when combined, work well together in
increasing skin perfusion and healing chronic DFUs (Petrofsky et al., 2010).
There are many studies which review the association of electrical stimulation
as an adjunctive treatment in healing wounds as demonstrated in a RCT
conducted by Peters et al. (2001). This twelve-week investigation analysed
the effect of electrical stimulation as an adjunctive therapy in one hundred
and forty-five participants with DFUs and neuropathy. Participants were
randomised into an experimental group and a group who received a sham
electrical stimulation treatment. Following a protocol in which participants
were advised to use the electrical stimulation device for twenty hours or more
a week, the study found that 65% of wounds in the experimental group had
achieved full epithelisation compared with 35% in the sham group (p=0.058).
Participants were trusted to carry out the electrical stimulation treatment
themselves and therefore compliance was also evaluated. The study
reported that 71% of participants with healed ulcers in the experimental
group were compliant while 50% were non-compliant. Similarly in the control
group those who were compliant had a higher percentage of healing (39%)
than those who were non-compliant (29%) (p=0.038) (Peters et al., 2001).
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A similar study to this was carried out by Lundeberg et al. (1992). This author
conducted a RCT with sixty-four participants with diabetic ulcers divided into
an electrical stimulation and a sham electrical stimulation group. Treatment
was provided twenty minutes twice a day for twelve weeks and biphasic
asymmetric electrical stimulation therapy was provided in the electrical
stimulation group. The results found that electrical stimulation as an
adjunctive treatment had 33% more satisfactory healing rates than within the
sham group. This was verified by the fact that 42% of wounds closed in the
electrical stimulation group compared to 15% in the sham group (p <0.05).
Despite the positive results reported, when patients applied the electrical
stimulation at home and when the ulcer was reviewed by a health
professional, there was no mention in the study about the frequency of
dressing changes. Another limitation to this study is that the majority of
ulcers were leg ulcers and primarily venous in origin. In addition, this study is
over 25 years old hence; the most-evidenced based research was not
carried out. Therefore its results must be reviewed with caution (Lundeberg
et al., 1992).
In a review of randomised clinical trials that tested the effectiveness of
electrical stimulation for healing post plastic surgical wounds, Thakral, et al.
(2013) found positive results in fourteen out of sixteen studies reviewed. The
study found that electrical stimulation is a beneficial and safe adjunctive
therapy to accelerate wound healing. They concluded that it can improve flap
and graft survival in plastic surgery and reduce the risk of development of
necrotic tissue. However, despite the significant improvement in wound
healing seen in these trials, the author advises caution as the type of current,
dosage and duration of electrostimulation differed in many of the studies.
Furthermore, the primary outcome in many studies included in this review
was percentage change in surface wound area at four to six weeks as
opposed to complete wound healing at twelve or twenty weeks. This, along
with the small cohort of participants, may influence the reliability of this
study’s overall results (Thakral et al., 2013).
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In a prospective case series of forty-seven patients, Wirsing et al. (2015)
found a mean wound size reduction of 95% after eight weeks of electrical
stimulation treatment. A current intensity of 1.5μA was applied as an
adjunctive therapy via a wireless micro current stimulation for 45-60 minutes
to the wound area 2-3 times a week. Out of the forty-seven participants
included who had various wound etiologies, six of those had a DFU. The
study observed a clear progression of wound healing for all participants and
an improvement in arterial blood flow in those with occlusive disease or
diabetic microangiopathy. However, the author fails to mention how and
when skin perfusion was measured. In addition, according to this research
there was a reduction in wound pain as patients could bear dressing
changes without experiencing pain, however, this was not measured by any
scale. Lastly, there was no comparator in this study to strengthen the study’s
results and the author doesn’t break down the percentage of wounds from
the various wound etiologies that healed (Wirsing et al., 2015).
In a similar non-comparative study, Herberger et al. (2012) found that when
electrostimulation was applied twice a day for thirty minutes over seven days
to a cohort of ninety-five patients (14.7% had a DFU), there was a 44.7%
wound size decrease along with a reduction in fibrin, exudate, necrosis and
wound odour. The treatment was well tolerated by patients although wound
deterioration occurred in three patients. The author couldn’t state whether a
causal association exists between this and electrical current stimulation
(Herberger et al., 2012).
Baker et al. (1997) conducted a randomized trial examining the effect of
different currents of electrical stimulation on treating DFU. The study
included eighty participants with diabetes who had a combination of 144
wounds from one treatment center. Participants were randomised to be
treated with either asymmetric biphasic waveform, asymmetric biphasic
waveform or microcurrent waveform stimulation or without stimulation
(control). DFUs made up the majority of wounds in each arm of the study.
Treatment was administered for thirty minutes three times a day until the
wound healed, the participant withdrew from the study or the clinician
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changed the wound management plan. Similar to Lundeberg et al. (1992)
and Peters et al. (2011) treatment was administered at home by participants.
Therefore, compliance with the treatment in this study may have affected the
results. Overall, Baker et al. (1997) demonstrated that asymmetric
stimulation resulted in an enhancement by nearly 60% over the control
group. Supporting previous studies, this research concludes that the addition
of electrical stimulation improves healing of wounds and that the choice of
stimulus waveform of the electrical stimulation can be a factor contributing to
rate of healing (Baker et al., 1997).
In summary, electrical stimulation aims to replicate the body’s natural
electrical field and initiate the healing process through activation of body cells
and generating a rise in skin perfusion. Electrical stimulation is a safe
adjunctive therapy and has portrayed positive results in accelerating wound
healing despite the choice of current intensity and treatment duration used.
However, the cohort of DFUs is relatively small in each comparable study
and patient compliance with self-administration of electrostimulation
treatment at home is a major factor in the majority of the study’s results.
Along with this there is limited new and up to date research published in this
area and therefore the researcher reviewed literature which was dated as far
back as twenty-five years ago.
2.11 Combined Ultrasound and Electric Current Stimulation
Individually both ultrasound and electric current stimulation therapies have
portrayed positive results in previous studies. Despite the type of current,
dosage and duration of ultrasound and electrostimulation differing in many
studies, all trials found a significant improvement in wound healing. Their
respective benefit in wound healing complement and supplement each other
and therefore, it seems reasonable to combine both therapies as done and
justified by four published studies.
A multicenter retrospective analysis of chronic wounds from various
etiologies treated by CUSECS was conducted by Avrahami et al. (2015).
Overall DFUs accounted for twenty-six out of the three hundred wounds
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included in the study. The authors found that when participants attended
clinic twice a week for a minimum of four weeks for CUSECS treatment,
59.3% of DFUs achieved 50% closure. Along with this, the author reported
there was no significant association between gender, wound size, wound
presentation or with the longevity of the wound in the outcome. Overall, the
study found CUSECS to be a beneficial non-invasive adjunctive treatment for
chronic wounds (Avrahami et al., 2015).
Toscanella et al. (2016) similarly investigated the effect of CUSECS in
eighteen participants with various wound etiologies. Chronic wounds were
only included in this study if they had exhibited no change in the forty-day
prior enrollment to the study. Participants were required to attend twice a
week for a minimum of four weeks for the administration of CUSECS and for
the assessment of wound status. Out of the eighteen wounds included,
thirteen demonstrated a reduction in surface area with an average closure
rate of 20.97%. Furthermore, participants stated they experienced a
decrease in wound pain; however this was not quantified by any instrument.
For the five wounds which didn’t show a decrease in size, there was a
positive change noted in wound volume and quality of tissue in the wound
bed. Despite this positive results for CUSECS in wound healing, the author
fails to state the number of different wound etiologies included in this study
and their individual rate of healing (Toscanella et al., 2016).
Rosenblum et al. (2017) conducted a multicentre retrosecptive analysis on
the efficacy of CUSECS on initiating wound healing in chronic DFUs and
venous leg ulcers. Wounds included were present for a minimun of three
months and had to show less than 5% improvement in healing 30 days prior
to the commence date of the study. Four hundred and fifteen participants
were treated with fifteen minutes of CUSECS twice weekly for one week
resulting in a 49.4% of wounds improving between 1-10% and 32.5% of
wounds achieved 10-30% wound closure. Rosenblum et al. 2017 found that
CUSECS had a statistically significant effect on wound closure (p<0.01).
Despite this, this study is similar to Toscanella et al., 2016 in failing to inform
the reader on the individual healing rates in both wound etiolgies included.
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In a prospective case series, O’Connor et al. (2017) a mean wound size
reduction of 71% in DFUs was found when treated twice a week with
CUSECS for four weeks. This study had a small cohort of seven patients
with eight chronic DFUs consisting of five neuropathic and two
neuroishaemic ulcers. While this case series has quite a small participant
size with no comparative to strengthen their results, it offers further
confirmation to support the findings of Toscanella et al. (2016) and Avrahami
et al. (2015) that CUSECS offers promise as an adjunctive therapy for DFU
and further investigation is required to affirm these findings.
Following the literature review on CUSECS it can be concluded that,
although the above studies evaluating CUSECS have relatively small
participation numbers, CUSECS is safe and has shown significant promise in
accelerating wound healing rates in chronic wounds. Further research is
needed to support this treatment and to strengthen the published findings.
2.12 Summary
DFUs are a growing medical problem worldwide reaching concerning levels
(IDF, 2017). They are responsible for extensive medical costs as well as
having a significant impact on an individual’s HRQOL and experience of
pain. The progression of a DFU in to a chronic status increases the risk of
amputation which is associated with morbidity and mortality (Singh et al.,
2005). It is believed that routine assessment of ankle dorsiflexion and selfefficacy status may help reduce the development of DFU (Al-Khawaldeh et
al., 2012, Francia et al., 2015, D'Souza et al., 2017, Searle et al., 2017).
However, DFUs re-ulceration rates remain extensive despite preventative
measures such as education and routine foot screening already put in place
by health care professionals (Peters et al., 2007).
The majority of the studies reviewed testing the effectiveness of ultrasound
and electric current stimulation were prospective in nature and used a control
group in order to increase the reliability of the study. It is evident from the
studies reviewed that that there is a great need for new therapies to be
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tested and current treatments to advance in order to combat the significant
problems DFUs pose. Advanced wound care therapy is continuing to evolve
to match the growing epidemic of wounds. Multiple studies have investigated
the separate effects of ultrasound and electric current stimulation on the
healing rates of chronic wounds; however the effect of CUSECS on DFUs is
still only a new focus. Although positive results have been portrayed in the
existing literature providing promise with this treatment, there has not yet
been a comparative study conducted. It is now necessary to increase
concentration on CUSECS and evaluate its effectiveness on the wound
healing for DFUs. This study aims to reduces this gap and provide, what the
writer believes to be the first RCT in this field of research. The writer hopes
that this study will build on the existing evidence and provide evidence for
continuing improvement in treatment for those suffering with DFUs. This
prospective randomised control study aims to to investigate if CUSECS is an
effective adjunctive treatment to use to treat DFU when compared against
standard wound care.
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Table 2. 4: Summary of Ultrasound Studies
Authors

P/R

Participants
(N)

Control (Y/N)

Ennis et
al.
(2005)

Prospective

113

Experimental
group
Control group

Ennis et
al.
(2006)

Prospective

23
(29 wounds)

Non comparative
trial

Driver et
al.
(2011)

Retrospective
(metaanalysis)

8 published
studies

Yao et
al.
(2014)

Prospective

12

Treatment
specification
40 KHz of
ultrasound at an
intensity of 0.10.5 W/cm2 for
four mins, 3 times
a week
0.1 to 0.5 W/cm2

Duration
Pathology of
of
interest
treatment
12 weeks DFU

12 weeks

But comparison
after the study was
completed was
compared against
a historic control
group of 122
participants
n/a

3 times a week

n/a

n/a

Group one:
Ultrasound
Group two:
Ultrasound
Group three: no
ultrasound

40KHz ultrasound
Group one:
Ultrasound 3
times a week
Group two:
Ultrasound once
a week
Group three: no
ultrasound

5 weeks
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Chronic
nonhealing
lower extremity
wounds of
various
etiologies
DFUs
comprised 41%
of the total
wounds treated
Chronic wounds
various wound
etiologies
DFUs

Outcome
Healing rate
Experimental
group: 40.7%
Sham group:
14.3%
69% healing
rate (66.6% of
DFUs healed)
In historic
group healing
rate for DFUs
was 77%)
85.2% wound
area reduction
over a mean of
7 weeks
Healing rate:
Group one:
86%
Group two:
25%
Group three:
39%

Table 2. 5: Summary of Electrostimulation studies
Authors

P/R

Lundeberg Prospective
et al.
(1992)
Baker et
al. (1998)

Peters et
al. (2001)

Lawson &
Petrofsky
(2007)

Prospective

Prospective

Prospective

Participants
Control
Treatment
(N)
(Y/N)
specification
64
Yes
Not mentioned
Experimental
group
80
(144
wounds)

145

20

Sham group
Yes
Group 1:
Asymmetric
biphasic
Group 2:
Symmetric
biphasic
Group 3: No
stimulation
(control)

x asymmetric
biphasic
x symmetric
biphasic
3x 30 mins
stimulation daily

Yes
50V E current
Experimental
group
8 hours every night
Sham group
Yes
Diabetic
group
Non-diabetic
group

Biphasic electrical
stimulation for 30
minutes 3 times a
week
32°C room

Duration of
treatment
12-week

Pathology
of interest
Diabetic
ulcers

Until the wound
healed, the
patient
withdrew
from the study,
or the
physician
changed the
overall wound
management
program
12 weeks

DFU

4 weeks

DFU

Diabetic
foot ulcers
and nondiabetic
stage III/ IV
ulcers

Outcome
Percentage of
healed wounds:
Experimental
group:42%
Sham group: 15%
Asymmetric
biphasic waveform
was more effective
by 60% over the
control group

65% healed in
experimental group
35% healed in
sham group
Diabetic group:
32.2% healing rate
Non-Diabetic
group: 22.3%
healing rate
Increase in blood
flow
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Table 2. 6: Summary of Electrostimulation studies Continued
Authors
Petrofsky
(2007)

P/R
Prospective

Participants
Control
(N)
(Y/N)
20
Yes
Group one:
local heat
Group two:
local heat
and
electrical
stimulation

Herberger
et al.
(2012)

Prospective

Thakral et
al. (2013)

Wirsing et
al. (2015)

95

Treatment
specification
Group one: received
local dry heat (37°C)

Duration of
treatment
4 weeks

Group two: local dry
heat + ES using
biphasic sine wave
stimulation (30 Hz,
pulse width 250 ls,
current
approximately 20
mA)
Frequency:
Applied 30 mins,
twice everyday

7 days

Retrospective 16 RCT
reviewed

n/a

n/a

n/a

Prospective

No: case
series study

1.5μA current
intensity
45-60 minutes to the
wound area 2- 3
times a week

8 weeks
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Outcome
Blood flow
increase:
Group one: 25.3%
Group two: 23.4%
Wound surface
area decrease:
Group one: 22.6%
Group two: 28.6%

No

47 (6 DFU)

Pathology
of interest
DFU

Various
wound
aetiologies
(DFU
14.7%)
Flap and
graft
wounds

Various
wound
etiologies

44.7% wound size
decrease

Type of current,
dosage and
duration of
electrostimulation
differed in many of
the studies
Mean wound size
reduction of 95%
(no data on DFU)

Chapter Three: Methodology
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3.0 Introduction
The literature review in the previous chapter illustrated that there is limited
research available on the effect of CUSECS on healing rates of DFUs. This
chapter provides details on the research design for this study, describing and
justifying the methodology employed. An outline of the aims and objectives of
this study and the research question will be presented along with a discussion
on the research design, data collection methods and method of data analysis.
3.1 Aims and objectives
The aim of this study is to investigate if CUSECS is an effective adjunctive
treatment in treating DFUs when compared with standard wound care
treatment.
The objectives of this study are to:
1. Compare the effects of CUSECS with standard care treatment on healing
rates of chronic DFUs within an eight-week period.
2. Measure changes in wound size and appearance from baseline to week
8 (or sooner if complete wound healing occurs earlier).
3. Analyse self-efficacy in participants receiving CUSECS when compared
with those receiving standard care treatment.
4. Assess reported patient QOL in participants receiving CUSECS when
compared with those receiving standard care treatment.
5. Determine the effect of CUSECS on wound pain when compared to
standard care treatment.
6. Measure the impact of CUSECS on ankle dorsiflexion when compared
with those receiving standard care treatment.
7. Evaluate the economic impact of DFU on the health service through
calculating the direct and indirect costs of CUSECS compared to
standard care treatment.
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8. Explore the effect of CUSECS on reoccurrence rates of DFUs when
compared to standard care treatment, four weeks after each group
completes the trial.
3.2 Research Question
The research question addressed in this study was ‘Is CUSECS more effective
than standard treatment on healing rates of diabetic foot ulcers over an eightweek period?’
3.3 Conceptual framework
The study is aiming to achieve biopsychosocial holistic care through the
conceptual framework of evidence-based practice. The biopsychosocial model,
developed in 1977 by Engel (1977) is a framework commonly used for clinical
research and encompasses biological, psychological and sociological
components of health which all interlink with each other (Engel, 1977, Gliedt et
al., 2017). It is believed that components of human function can have an impact
on other elements effecting overall health (Novack et al., 2007, Green and
Johnson, 2013). DFUs are a biopsychosocial phenomenon. Figure 3.1
illustrates the aspects of this model which can have a significant impact on the
healing of the DFU and on an individual’s health (Kinmond et al., 2003).
Evidence-based practice is the conceptual framework underpinning this
research study. It is a key concept within health care and results in a greater
standard of care, improved patient and clinician satisfaction and reduced
economic costs (Dale, 2005, Shortell et al., 2007). Evidenced-based practice
has been described as the integration of the best research evidence with clinical
practice and patient values. It provides high quality up to date knowledge that
enables clinicians to make an informed justifiable decision and confident
management plans for their patients (Melnyk et al., 2010).
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An effective relevant intervention and management strategy developed to meet
a patient’s needs can reduce long term biological, psychological and social
complications aiming to benefit patient overall satisfaction (Kinmond et al.,
2003). As the treatment of chronic DFUs is a major clinical challenge, it is
essential for podiatrists and other health care professionals to base their
management plans on a high standard of up to date knowledge and evidence
based practice (Kumar et al., 2013). This study hopes that by improving the
quality of wound care treatment, the burden that chronic DFUs have on the
healthcare system will be reduced.

Biological
x
x
x
x

Age, gender
Comorbiliteies
Tissue health
mobility

Sociological

Psychological

x Social support
x Economic support
x Family
circumstances
x Ability to work

x Beliefs and
expectations
x Mental health
x Emotional health

Figure 3. 1: Biopsychosocial model
Gliedt et al ., 2017 and re -drawn

adapted from Novack et al ., 2007 and

3.4 Research design and location
An appropriate research design is essential for the study to achieve the set aims
and objectives. The research question or hypothesis determines the design the
researcher chooses (Polit and Beck, 2017). The research question, ‘Is CUSECS
more effective than standard treatment on healing rates of diabetic foot ulcers
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over an eight-week period?’ was explored through the application of a quantitative
methodology. In this study, the quantitative methodology examined the
relationship between two main variables, CUSECS and standard wound healing
and quantified its effect on the dependant variable, wound healing through the
collection of numerical data.
Quantitative research can be divided into experimental, non-experimental and
quasi-experimental research (Gerrish and Lacey, 2010, Polit and Beck, 2017).
The appropriate research design for this study was the experimental approach. It
aims to analyse casual links between variables through prospectively
randomising participants into either a control group or a group using an
intervention which is being tested. Researchers approached this study as active
agents as they were in control of the independent variable, allowing one group to
receive the treatment and withholding the treatment from the other (Parahoo,
2014. Polit and Beck, 2017).
This RCT was conducted in accordance with the Consolidated Standards of
Reporting Trials (CONSORT) guidelines (Moher et al., 2012). The participants in
this study were allocated into either an experimental or control group.

The

experimental group received the adjunctive CUSECS treatment along with usual
treatment for their DFU twice a week for eight weeks using the BRH-A2 device.
They also had a follow-up appointment four weeks after completion of treatment.
The control group were required to attend the Diabetic foot clinic for usual care of
their DFU once a week for a maximum of eight weeks. This type of control, known
as between-subjects or parallel group design, allowed the CUSECS treatment to
be tested among this sample group with similar key characteristics.
This was a multi-site study in which participants were recruited from two major
acute hospitals in an urban setting in Ireland and for the duration of the trail,
participants were required to attend a Diabetic foot clinic in one of these hospitals.
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3.5 Population and sampling method
Selecting the appropriate sample group in a study is essential to enable statistical
conclusion, study validity and to generalise the study’s outcomes (Polit and Beck,
2017). In this pilot study, there was no accurate power calculation of sample size
available as this was the first study design of its kind. Billingham et al. (2013)
carried out an audit on the sample sizes of pilot and feasibility clinical trials in the
U.K. They found that the median sample size was thirty participants with a range
of eight to one-hundred and fourteen study participants (Billingham et al., 2013).
Therefore, this study aimed to be within this range. The researcher used
convenience sampling in the present study. Probability sampling was not possible
as there was no accessible data base for all registered chronic DFUs patients and
due to time constraints of the project, this sampling method would not have been
achievable. Therefore, the researcher sampled from patients with chronic DFUs
attending Diabetic foot clinics in two large acute hospitals in Ireland. This
accessible population aimed to generalise the target population, all patients with
chronic DFUs. Recruitment took place between June 2018 and October 2018 and
depended upon patients being identified by podiatrists in the clinical settings.
Time restraints also meant it was difficult to organise collection of data from more
than two centres. A total of 11 participants were enrolled in this study.
3.5.1 Inclusion and Exclusion criteria
Participants were included in the study by meeting the study’s eligibility criteria:
x Participants were diagnosed with diabetes.
x Participants had the capacity to provide informed consent prior to
participation in the study.
x Participants were aged 18 or over on the day of the informed consent.
x Participants had a DFU that was present for at least 60 and less than 365
days.
x Participants and/or caregiver were willing and able to comply with all study
procedures and scheduled follow-up visits, for the duration of the study.
Participants were excluded from the study if they meet any of the following:
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x Participants without capacity to consent or those who do not provide
informed consent.
x DFUs that have a total surface area greater than 15 cm2 as measured by a
member of the study staff. DFUs greater than 15cm2 were not included as
chronic ulcers of this size are not common and would require a more
intensive intervention should they occur.
x Unwilling to continue with their standard wound care therapy for the study
duration.
x Clinical evidence of infection or gangrene on any part of the affected foot or
leg. A subject with clinically infected wound(s) who otherwise meets the
study criteria may enter the study after successful treatment of the for
wound infection.
x Target ulcer involving exposure of tendon, bone or joint capsule, or any
tunnelling or sinus tracts (it is acceptable to have ulcers extending through
the dermis and into subcutaneous tissue with presence of granulation
tissue).
x Target ulcer treatment with a wound dressing containing human growth
factors, engineering tissues, or skin substitutes (e.g. Apligraf, Dermagraf,
Regranex etc) within 30 days of screening visit or planned during the study
duration.
x History of bone cancer, metastatic disease, radiation or chemotherapy to
the affected limb within the 12 months prior to screening visit.
x Suspected or confirmed malignancy of the wound.
x Participation in another drug or device study for the treatment of DFU within
30 days of screening visit.
x Vascular procedures performed within 30 days of screening visit.
x Active bleeding tissue or untreated haemorrhagic conditions.
x Active or suspected DVT or thrombophlebitis.
x Subjects who have a cardiac pacemaker, implanted defibrillator, or other
implanted metallic or electronic device.
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x Conditions which, in the judgment of the treating researcher, may severely
compromise the subject’s ability to complete the study
3.6 Ethical considerations
Ethical approval was granted by Hospital Research ethics committee and the
Royal College of Surgeons in Ireland Research Ethics Committee for this study
(Appendix 1). The study was conducted in full accordance with the Declarations
of Helsinki 1964 (World Medical association, 2001). All data was collected, held
and protected in compliance with the Data Protection Acts of 1988 and 2003
and EU General Data Protection Regulation 2018. All aspects of ethical
approval were abided by throughout the research and the researcher abided by
the ethical principles set by the Belmont report and International Council of
Nurses (2003). The ethical principles the researcher ensured to maintain were
that of beneficence and non-maleficence, fidelity, justice, confidentiality and
veracity.
It is of upmost importance for the researcher to ensure beneficence and nonmaleficence towards participants in the study (Parahoo, 2014, Polit and Beck,
2017). This research was carried out with the aim to improve healing rates of
DFU and participants’ QOL. Participants were recruited voluntarily and
remained unidentifiable for the duration of the study. Throughout the study, it
was explained that one could withdraw at any time without it affecting any future
treatment from the podiatry staff in the Diabetic foot clinic. This built trust
between the researcher and participants, abided to the principle of fidelity
(Parahoo, 2014, Polit and Beck, 2017). At all times throughout the study,
participants’ safety was a high priority. The health of each participant was
monitored by the podiatrist and the researcher at each treatment. All adverse
events were recorded on the Case Report Forms (CRFs) and the serious
adverse effects (SAE) reporting forms if necessary at each visit (Appendix 2).
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The principle of justice ensures participants are treated fairly and that their
privacy is respected (Parahoo, 2014, Polit and Beck, 2017). Participants in this
study were never neglected or disrespected. A podiatrist was available at all
times during this research to ensure that the researcher was providing fair
treatment. Each participant was coded, and the academic supervisors and
researcher were the only people to retain the ‘key’ to re-identifying the data.
This was stored on encrypted data protected software separate to the collected
data on RCSI V: DRIVE. On completion of collection of data, all identifiable data
was destroyed. Personal data was not included in the data processing and
analysis.
The principle of confidentiality is concerned with all information connected with
the participant to be respected (Parahoo, 2014). In this study all information was
stored on encrypted data protected software separate to the collected data on
RCSI V: DRIVE. The researcher and the academic supervisors were the only
people to have the password for access to the data, ensuring it remains
unidentifiable at all times.
The ethical principle of veracity was adhered to by providing each patient with
an information leaflet explaining the study in full detail. There was a 24-hour
period in-between participant’s receiving the information leaflet and signing the
consent form. The researcher ensured that each participant fully understood
what was involved in participation of the study before they singed the consent
form.
3.7 Consent process
A key part in safeguarding participants in a study is ensuring informed consent
is obtained (Polit and Beck, 2017). A Patient Information Leaflet (Appendix 3)
was drawn up by the researcher and reviewed by the researcher’s supervisor.
This was provided to potential participants from the podiatrist to read about the
study and a time of over 24 hours, was given to participants to consider whether
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to participate in the trial. The information leaflet was written in an accessible
level of English correlating to a score of ten or below on the FOG index
(Gunning, 1969).
On the day the study commenced, the researcher explained the nature of the
study, its purpose, procedures, expected duration, benefits and possible risks in
participation to potential participants. All potential participants were re-screened
for inclusion and exclusion criteria and were provided with a consent form
(Appendix 3) to sign if they were willing to partake.
All participants were reassured that participation was voluntary and that they
could decline the invitation to participate in the research or withdraw from the
study at any stage without suffering any negative consequences, assured that
their usual standard of care for their diabetic foot ulcer would continue. A copy
of the signed and dated informed consent form was provided to participants for
their records.
3.8 Randomisation
Randomisation in a clinical trial is regarded as the ‘gold standard’ for evaluating
the effectiveness of treatments and interventions (Gerrish and Lacey, 2010). It is
a powerful factor in reducing bias and potential confounders which could affect
the study’s outcomes (Krishna et al., 2010, Polit and Beck, 2017).
Randomisation occurred in this study through sequential randomisation. The
treatment for each participant was determined as per the random allocation
sequence following completion of initial podiatric assessment. To ensure
selection bias didn’t occur, the study researcher provided the attending
podiatrist with a list of unique ID’s with a corresponding randomised study
group. This sequential randomisation list was created by using computergenerated software Random Allocation Software.
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The podiatrist screened all potential participants who express an interest in
participating to ensure they meet the inclusion/exclusion study criteria and
provided them with a ‘General Participant Information Leaflet’ (Appendix 3.1 &
3.2). At potential participants next visit to the Diabetic foot clinic (over 24hrs),
those who expressed interest to be included in the study following reading the
‘General Participant Information Leaflet’ were randomised using sequential
randomisation, into an experimental arm and a control arm of the study. This
allocation was based on the systematic inclusion on the identification list and
these potential participants were issued with either the control or experimental
‘Patient Information Leaflet’ to read (Appendix 3.2, 3.3, 3.4 & 3.5).
Participants randomised to the experimental group were identified by their
randomisation code beginning with A001 (for the first subject randomised to the
experimental group). Participants randomised to the control group were
identified by their randomisation code beginning with B001 (for the first subject
randomised to the control group) at this visit. Participants and treating
podiatrists were unable to be blinded to treatment as neither method of
treatment could be concealed. However, data analysis was undertaken without
knowledge of the treatment allocation.
3.9 Data collection tool
The quality of research studies depends on the reliability and the validity of the
measures (Curtis and Drennan, 2013, Parahoo, 2014). It is important for the
researcher to evaluate the research instruments in order to ensure that it
measures the study’s objectives and provides confident research findings and
conclusions (Gerrish and Lacey, 2010, Curtis and Drennan, 2013). The data
collection tools used in this study will be described below.
3.9.1 SF-36 questionnaire
The Medical Outcomes Study 36-item Short-Form Health survey (SF-36)
questionnaire has strong reliability in distinguishing the QOL of those with
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diabetes with and without complications (Jacobson et al., 1994, Anderson et al.,
1997, Lloyd and Orchard, 1999). The questionnaire measures eight conceptual
domains of health, summarising an individual’s physical and mental health
status (Ware Jr and Sherbourne, 1992, Ribu et al., 2008). The eight areas of
health evaluated include; general health, physical functioning, role limitations
due to physical functioning, role limitations due to emotional problems, vitality,
emotional wellbeing, social functioning, bodily pain and general health
(Appendix 5).
This instrument measures HRQOL using Likert scaling, a common scale for
evaluating beliefs and attitudes (Parahoo, 2014). Scores are presented between
0 and 100, with 100 indicating the increase in likelihood in each subscale and
score towards 0 indicating less likelihood (Ware Jr and Sherbourne, 1992, Ribu
et al., 2007). The SF-36 questionnaire has been commonly used for evaluating
the effects of diabetes on an individual’s QOL (Ahroni and Boyko, 2000,
Nabuurs-Franssen et al., 2005, Ribu et al., 2008, Hoban et al., 2015) and has
found to have good internal consistency and validity in its measurements
(Puhan et al., 2008).
Additionally, the SF-36 is a notably quick questionnaire to complete and
therefore reduces the risk of respondent fatigue. From a review of HRQOL
studies using SF-36 questionnaire, it has been found that the questionnaire,
which takes approximately ten minutes to complete, has as low as 3% of
missing data in some items in the completed (Lim et al., 2008, Puhan et al.,
2008). Thus, respondent rates correlating with SF-36 are strong.
3.9.2 PROMIS (Patient-reported outcomes measurement information
system)
The PROMIS General self-efficacy questionnaire is a psychometrically
developed 10 item form modified from the NIH Toolbox Self-Efficacy item bank
(Appendix 6). PROMIS comprises of five key domains; daily activities,
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symptoms, medications and treatments, emotions and social interactions (Cella
et al., 2010). Its validation and calibration has shown positive results when
tested using the item-response theory (Gruber-Baldini et al., 2017). Participants
rate their level of confidence in managing various situations, problems and
events. The items were rated from 1 indicating no confidence to 5 indicating
very confident. The PROMIS questionnaire is scored by a T-score metric in
which a score of 50 is the mean of the relevant reference population and 10 is
the standard deviated of that population.
Similar to the SF-36 questionnaire, the PROMIS self-efficacy questionnaire uses
closed-ended questions with the choice of fixed answers. This style of
questionnaire enables the researcher to easily evaluate and compare the
collected data (Leung, 2001). The PROMIS was used in this study to assess the
confidence of patients with DFUs in performing necessary daily activates and
key behaviours.
3.9.3 Goniometer
A digital goniometer was used to measure ankle dorsiflexion of each participant
in this study. The goniometer is a commonly used tool in the clinical
environment, however technical proficiency is essential for the reliability of its
measurements (Elveru et al., 1988) as there is a risk of poor alignment of the
axis with the joint fulcrum (Konor et al., 2012). In this study to ensure
consistency, the researcher aimed to establish a standardised position and was
the sole person to take measurements. Along with this, the study ankle
dorsiflexion measurements were repeated three times as suggested by the Foot
posture index, in order to get an accurate result (Redmond et al., 2006,
Cornwall et al., 2008).
Studies such as Elveru et al. (1998) and Carey et al. (2010) have found
reliability in using the goniometer for measuring joint range of motion, with
Elveru et al. (1988) concluding intra-reliability to be higher when compared to
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inter-reliability measurements. Along with this Dayton et al. (2017) found an
internal consistency of 0.78 among three clinician’s ankle range of motion
measurements using a digital goniometer when compared with x-ray
measurements (Dayton et al., 2017).
In this study, ankle dorsiflexion measurements were taken using a universal
digital goniometer (Jamer Plus) as shown in Figure 3.2. Measurements were
taken by following a standard protocol as described by Norkin and White (2016)
in which the patient supine with knee extended. The proximal goniometer is
aligned with the fibula with the distal goniometer arm parallel to the fifth
metatarsal as shown in Figure 3.3.

Figure 3. 2: Digital goniometer
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Figure 3. 3: Goniometer alignment for measurement of ankle dorsiflexion
adopted from Norkin and White (2016) p. 384

3.9.4 Numeric rating scale
The numeric rating scale is an 11-point numeric scale used to document pain
intensity that has been validated across various different patient types. It has
found to have good sensitivity, along with being valid and reliable it provides
data that can be easily analysed (Karcioglu et al., 2018). In a systematic review
of pain scales, compliance was higher in 15 out of 19 studies with those who
used the numeric rating scale as opposed to other scales such as Visual
Analogue Scale and Verbal Rating Scale (Hjermstad et al., 2011). The scale
ranges from 0-10 with "0" indicating no pain and "10", the most intense pain
imaginable. Participants in this study verbally selected a value that is most in
line with the intensity of pain that they are experiencing with their DFU.
3.9.5 Photographic Wound Assessment Tool
A comprehensive wound assessment is a key factor in wound management. It is
essential to have a reliable measure to compare wound presentation and
assess the effectiveness of treatment at each treatment session (Chadwick et
al., 2013).
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The Photographic Wound Assessment tool (PWAT) is a 6-item assessment tool
which was developed by Houghton et al. (2000) and modified from the pressure
sore status tool (Appendix 7). It evaluates the characteristics of the wound bed,
peri-ulcer and wound edges from a wound photograph rather than physical
assessment. The tool has demonstrated high inter-rater and intra-rater reliability
in accurately assessing wound status in clinicians with experience with chronic
wounds (Houghton et al., 2000).
The wound appearance is assessed by the investigator by using the PWAT and
is rated on wound size, depth, type, one the presence of necrotic or granulation
tissue, one wound edges and the peri ulcer tissue. The total scores range from
0-32 with healing indicated when scores are decreasing towards 0 over the time
period examined.
3.9.6 BRH-A2 device
The BRH-A2 System (BRH Medical, Jerusalem, Israel) is CE marked and
combines therapeutic ultrasound with electrical stimulation for the treatment of
chronic wounds, in particular DFU and venous leg ulcers (Avrahami et al., 2015,
Toscanella et al., 2016, O'Connor et al., 2017, Rosenblum et al., 2017). The
BRH-A2 device is shown in Figure 3.4. The device also contains an accurate
wound measuring system and patient documentation platform. Photographs of
the wound are taken on the BRH-A2 camera which is show in Figure 3.5, for
documentation and measurement.
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Figure 3. 4: BRH-A2 Device
A) BRH-A2 control screen; B) Electrode wires; C) Ultrasound probe

Figure 3. 5: BRH-A2 measurement ruler and camera

The BRH-A2 device is certified to be used in a clinical setting and research has
highlighted its beneficial use ulcers (Avrahami et al., 2015, O'Connor et al.,
2017, Rosenblum et al., 2017). It provides ultrasound via researcher operated
4cm2 probe at a varying frequency and intensity. The electrostimulation therapy
is administered through electrodes which are placed surrounding the wound at a
minimum of 5cm distance from the wound edge. The CUSECS treatment occurs
for duration of fifteen minutes, providing two minutes of electrostimulation and
thirteen minutes of combined ultrasound and electrostimulation. The treatment
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parameters including frequency and intensity of both therapies can be found in
Table 3.1.
Table 3. 1: Parameters for ultrasound and electrostimulation therapies
Ultrasound
Frequency

1.0-3.0MHz

Wave Type

Continuous

Intensity

2.0W/cm2

Duration

15 minute treatment twice a week for
8 weeks or until full epithelisation has
occurred

Table 3. 1: Parameters for ultrasound and electrostimulation therapies
(cont.)
Electrical Stimulation
Current frequency

4000Hz – 4250Hz ±1
4 Pole Interferential mode

Electrode properties

Adhesive, round in shape, 5cm in
diameter

Shape of electric pulse

Inferential output waveforms and an
interferential beat frequency of PPS
1-250Hz.

Current Intensity

Max Output Current (mA): 0-65±10%
mA RMS, max 1Kohm load Maximum
current density: 3.2 mA/cm2 at 1kΩ

Duration

15 minute treatment twice a week for
8 weeks or until full epithelisation has
occurred

3.10 Data collection method/procedure
Data for this study was collected from week 1 to week 8 of the trial and at a
follow-up, four weeks after a participant completed the trial (week 12). A full
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timetable plan of the trial is provided in Table 3.2. Each participant received a
non-identifiable code upon entering the study to ensure confidentiality and
anonymity. Academic supervisors and the researcher were the only people to
retain the ‘key’ to re-identifying the data. This was stored on encrypted data
protected software separate to the collected data on RCSI V: DRIVE.
All participants (n=6) randomised into the experimental group received
treatment of CUSECS therapy with the BRH-A2 wound healing device twice
weekly for eight weeks. Participants (n=5) randomised in to the control group
were treated once a week in accordance with their current standard treatment
regime for their foot ulcer by their podiatrist.
Upon entering the study all study participants completed a SF-36 questionnaire
and PROMIS self-efficacy questionnaire for baseline measurements.
Participants were also requested to fill out both questionnaires at week 8 of the
trial or sooner if full wound healing occurred. Additionally, ankle dorsiflexion was
measured in degrees using a goniometer by the researcher at week one and
week eight of the trial.
In order to document wound healing rates, a photograph of each participant’s
wound was taken at each clinical treatment session and stored under the
participants’ non-identifiable code name. This photograph was taken and
measured by the BRH-A2 device.
3.10.1 CUSEC treatment method
The primary objective of this study was to evaluate the effect of CUSECS on
healing DFU. CUSECS treatment was administered to all participants
randomised in to the experiment group by the study researcher. All local
infection control guidelines and policies were adhered to throughout the
treatment process and single use consumables as shown in Figure 3.6 were
used at each treatment.
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A
B

D
C

E

Figure 3. 6: BRH-A2 Consumables
A) Ultrasound probe protective cover; B) Ultrasound wire protective cover; C)
Sterile ultrasound gel; D) Tegaderm - sterile cover for BRH-A2 ruler; E) single
use electro pads (4)
The following treatment process was followed for the CUSECS treatment at the
first visit and for all subsequent visits throughout the treatment period:
x The researcher applied 4 electrode pads (disposable, single participant
use) to clean dry skin around the target ulcer at a minimum distance of
5cm from the wound edges. The electrode pad and wires were
connected and applied as per Figure 3.7.
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Figure 3. 7: Electrode pads and electrode cables, adopted from BRH -A2
user manual

x Ultrasonic waves were transmitted through the BRH-A2 ultrasound probe
which was covered with a clean single use liner and sterile ultrasonic gel
as shown in Figure 3.8. This probe was held at a 90-degree angle to the
skin and used in circular motions around the peri-wound.

Figure 3. 8: Ultrasound probe with single use liner and sterile ultrasonic
gel
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x The CUSECS therapy was applied for 15 minutes at each treatment
session. The present treatment parameters were set to deliver modulated
frequency ultrasound of between 1.0-3.0MHz with a maximum intensity of
2.0W/cm². The BRH-A2 was pre-set to deliver electric stimulation current
frequencies of between 4000Hz – 4250Hz ±1 with inferential output
waveforms and an interferential beat frequency of PPS 1-250Hz.
x Once the treatment was complete, the DFU was redressed according to
the recommended treatment plan set by the podiatrist.
3.10.2 Pain
At every treatment session, wound pain was determined using the 0-10 Numeric
pain rating scale for each arm of the study. Participants verbally selected a
value between 0-10 that was most in line with the intensity of pain that they are
experiencing with their DFU.
3.10.3 PWAT
The photograph taken of all study participants’ DFU was measured using the
BRH-A2 wound healing device. The photographs of the DFUs were taken after
any necessary debridement and from these photographs, wound bed condition
was assessed and changes were evaluated using PWAT Tool.
3.10.4 Cost of treatment
Costs were calculated over the period of the trial to provide an estimate of the
economic burden of DFU to the health care system and to the patient
themselves. A cost analysis of both groups was carried out separately and
compared to see if one was more favourable than the other. The cost of
treatment for each arm of the research was documented on participants’ CRF
(Appendix 2) at each session and was calculated taking into account both direct
and indirect costings. A cost-effectiveness analysis was performed on Microsoft
Excel 2007 (Microsoft, Redmond, Washington). All costs were expressed in
Euro (€).
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Direct costing
The cost of treatment for the health service was calculated for each participant
and each treatment. Material costs were reordered for all dressing changes and
costs were generated from Wound Care Handbook and the instruments used at
each visit were calculated from Canonbury supplies. The cost of CUSECS
treatment was calculated by the unit cost of the CUSECS using the BRH-A2
device by the number of treatments performed. The unit price of each CUSECS
treatment delivered by the BRH-A2 device was €21.98. This calculation was
provided by the manufacture of BRH-A2, Jagmed.
Direct hospitalisation cost also included staff cost. Podiatrist costs were
calculated by multiplying the duration of each visit with the cost per minute of
podiatry consultation. The experimental group had a fixed time of 45 minutes
and the control group had a fixed time of 30 minutes. Podiatrists cost were
based on the ‘Consolidated salary scales in accordance with the FEMPI 2015
and the public service stability agreements 2013-2020 (The Lansdowne Road
DJUHHPHQW
The midpoint
¶
salary of a Senior Podiatrist was used (€56,113) and
tax was calculated from 2018 Budget in a 37.5 hour working week.
Indirect cost
The study also captured the indirect cost of a DFU for the health service by
analysing missed working days for the patient and travel cost. Costs were
calculated according to the number of weeks a patient has been on leave from
work multiplied with the average income in Ireland per week.
Transportation costs were calculated based on the information the patient
provided on the area they were living in and the transportation they used. The
distance between the patient’s home and the Diabetic foot clinic was calculated.
Car travel was calculated via the Cost of motoring 2018 (AA). Total cost per KM
was based on a car travelling 16,000km a year driving a car that has a Band A
engine capacity (63.91cent per kilometre). Participants who used public
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transport, the fare for travel distance for either the bus or Luas was calculated.
For participants that were Old Age Pensioners (OAP) and used public transport,
no travel costs were included.
3.10.5 Follow-up
A follow-up appointment was scheduled four weeks after each participant
completed the trial to document DFU healing or reoccurrence rates. At this
clinical session a photograph was taken of each participant’s DFU or if the DFU
is healed, a photograph was taken of the area where the DFU previously
present. This photograph was taken and measured by the BRH-A2 device and
was compared against each participant’s wound size at the end of the trial.
3.10.6 Safety and Confidentiality
Throughout the process, the treatment was explained to the participants and
they had the option to withdraw from the study at any time. They were
reassured that withdrawing from the study would not affect the treatment of their
DFU by their podiatrist in the hospital. The use of concomitant medications and
all adverse events was recorded on the CRFs if necessary at each visit.
All information collected was securely filed in a unique ID numbered file and
stored on the password protected BRH-A2 wound healing device. This
information was backed up onto the secure research encrypted folder on the
RCSI V: Drive. All this data was stored on an encrypted study file on the
researcher’s password protected research laptop and was also backed up onto
the secure research encrypted folder on the RCSI V: Drive.
3.10.7 Cessation of trial
Clinical indications for ceasing CUSECS included constant pain experienced by
the participant on treatment, the wound reaching full epithelisation, the
participant no longer wanted to participate in the study or if the wound became
clinically infected.
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Table 3. 2: Plan for trial
Study Visit

Screening
Visit 0

Assessment &
Treatment

Study Week
Required
Attendance:

0
Experiment
group

Visit 1
1
Experiment
group

Experiment group:
twice weekly/8
weeks

Control group

Control group

X

X

Control: once
weekly/8 weeks
Inclusion/exclusion
criteria
Information leaflets
Informed consent
Randomisation
Medical History
Demographic
information
Infection
assessment
Wound
assessment by
researcher
(including
photograph and
measurement)
Standard wound
care therapy
CUSECS therapy
via BRH-A2
0-10 Numeric pain
rating scale for
wound pain

Treatment

Treatment

Final treatment

Follow-up

Visit 2

Visit 3-15

Visit 16

Visit 17

1
Experiment
group

2-8
Experiment
group

8
EXPERIMENT
GROUP

12
Experiment
group

Control group
only attend visit
3,5,7,9,11,13,15

ONLY

Control group

X
X
X
X

X
X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

Experiment
group only
X

X

Experiment
group only
X

X

X

86

X

X

Table 3.2: Plan for trial continued
Study Visit

Screening
Visit 0

Study Week
Quality of Life
Questionnaire
administration
Self-efficacy
Questionnaire
administration
Ankle Dorsiflexion
measurement
Economic
analysis direct
cost and in-direct
costs of treatment
Record of
concomitant
Medications
Record of
Adverse Effects

0

Assessment &
Treatment

Treatment

Treatment

Final treatment

Follow-up

Visit 2

Visit 3-15

Visit 16

Visit 17

1

2-8
Control group
only

8
X

12

X

Control group
only

X

X

Control group
only
X

X

Visit 1
1
X

X

X

X

X

X

X

X

X

X

X
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3.11 Data processing and statistical analysis
Initially, all data was inputted into a Microsoft Office Excel 2016 document and
was then transferred to SPSS version 20 statistical package to be analysed.
Support from the Biostatistics Consulting and Support Services at the RCSI was
received before undertaking statistical analyses to ensure that the correct
statistical tests were used to meet the study’s objectives and answer the
research question.
3.11.1 Baseline Demographics and Patient Characteristics
Subject demographics and baseline evaluations, including physical examination
and medical history, was analysed and summarised by using counts and
percentages for categorical variables such as gender. Means, standard
deviations (SDs), medians, maxima, and minima were used, where, for
continuous variables such as age.
Statistical testing for baseline comparability between the experimental and
control groups was performed on variables that have the potential to influence
CUSECS evaluations. Such variables included ulcer size, ulcer duration and
age of the participant. These were analysed for correlation with endpoint wound
size difference through Pearson correlation co-efficient test and for significance
through linear regression testing.
3.11.2 Primary and Secondary Endpoints
The primary endpoint was the effectiveness of CUSECS on wound healing of
DFUs as measured by the number of participants with complete wound closure
after eight weeks of treatment and the time it took to reach complete wound
closure. Difference in wound size was calculated by the percent difference in
wound surface area recorded from baseline measurements to week 8 (or
sooner if complete wound healing occurs earlier). A comparison of mean
changes from baseline to week eight or end of trial was conducted using
independent samples t-test. All participants who were randomised into the study
following the pre-treatment period were analysed by intent-to-treat. However,
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any participant who withdrew with consent from the study had the right to
withdraw their data up to the time of publication. This aimed to reduce attrition
bias.
The secondary endpoints were observational and not hypothesis driven. The
efficacy analysis was performed using descriptive statistics (e.g., arithmetic
mean, standard deviation, frequency, etc.) for continuous and discrete variables,
and graphical displays (e.g., tabulations, stem and leaf plots, etc.) of efficacy
assessments were generated, as appropriate. The questionnaire’s variables,
ankle dorsiflexion measurements and wound pain were analysed for statistical
significances with the wound measurement results through a one-way analysis
of variance (ANOVA) and an independent sample t-test. These tests allowed the
sample variables to be independently examined as well as compared. Statistical
significance was set at p<0.05 (du Prel HWDO

2009). If p-value was statistically
significant (p<0.05), it was assumed that there was a relationship between two
variables and the hypothesis was proved statistically relevant. In addition,
Pearson correlation co-efficient test was used to test for correlation between
questionnaire variables, ankle dorsiflexion measurements and wound pain with
the wound measurement results. A positive association was recognised if a ICC
value of over 0.03 was found with the strength of relationship between variables
reported as low, moderate or strong correlations (Mukaka, 2012). Secondary
objectives were also analysed to see if there was any correlation or significance
with wound healing. This was carried out through Pearson correlation coefficient test, one-way analysis of variance (ANOVA) and an independent
sample t-test.
Wound measurement sizes at week four follow-up were compared against end
point wound size measurements through independent t-test. The economic
impact was independently analysed in each group through independent t-test
and results were compared. To determine if the secondary objectives had an
impact on the outcome of the primary objective, wound healing rate,
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independent samples t-test was employed. An intention to treat analysis was
conducted which included only individuals with complete baseline and follow-up
data, i.e. complete case analysis.
SPSS data and non-identifiable research data from this study will be stored for a
period of 5 years in compliance with the Data Protection Acts 1988 and 2003
and the General Data Protection Regulation 2018 under the care of the
Academic supervisors (TOC) and (DP). A management company who are
specialised in the area of confidential information destruction will destroy it
securely after five years. In Appendix 8 the full study protocol for this research
study can be found.
3.12 Summary
Within this chapter an overview of the conceptual framework of evidence-based
practice underpinning this research was presented including how this research
aims to achieve biopsychosocial holistic care through this research. The
research question, study aims and objectives of this study were discussed and
the research design was justified. The study aimed to examine if CUSECS
improved healing rates of chronic DFUs. In analysing the experimental and
control group from week one to week eight of the trial the study’s objectives
were to; compare the effects of CUSECS on healing rates, assess changes in
wound size and wound appearance, analyse self-efficacy and patient reported
QOL scores, determine the effect of CUSECS on wound pain and ankle
dorsiflexion, evaluate the direct and indirect cost of CUSECS and standard care
treatments and to explore ulcer reoccurrence rates.
The methodology used in this research study was a quantitative, experimental
RCT approach and data was collected over an eight weekly period in a Diabetic
foot clinic in a major acute hospital in an urban setting in Ireland. The data
collection method, data collection tools used and sampling technique were also
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discussed and justified within this chapter. The author carried out data analyses
using SPSS 20 and results presented using descriptive statistics.
Ethical integrity was considered throughout the study which was conducted in
adherence to the Declarations of Helsinki 1964 (World Medical association,
2001). The next chapter will present the statistical analysis and results of this
research study.
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Chapter Four: Results
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4.0 Introduction
This chapter presents the results of this research study with the aim of
answering the research question, ‘Is CUSECS more effective than standard
treatment on healing rates of DFUs over an eight-week period?’ This will be
investigated by exploring the results from the study’s objectives.
4.1 Demographic
A total of eleven patients, ten males and one female with ages ranging from
54-91 years were included from June 2018 to October 2018. One male was
excluded from the study as he had an ulcer on a below knee amputation site,
which although was a diabetic ulcer, it unlike the others was not on the foot.
All patients had chronic DFU. Wounds ranged in duration from 3 to 11
months (mean 4.9± 2.3) and were classified as 1a, 1c or below in
accordance to the University of Texas Diabetic Wound Classification
(Armstrong et al., 1998a). All patients had only one foot ulcer each with
seven occurring on the right foot and four on the left.
The mean age of the the experimental group was 68 years old (±11.5; 54-82)
and there were five males and one females. Ulcer duration ranged between
3 and 6 months (5.6±3.2). Out of the 6 participants randomised to the
experimental group, one participant finished the trial after 2 weeks due to
contracting cellulitis and being on IV antibiotics for over two weeks. Data
from this participant was included in the study’s analysis.
In the control group the mean age was 76 years old (±16.6; 58-91) there
were 5 males and no females. Ulcer duration ranged between 3 and 11
months (5.6, SD 3.2). One particiapant did not complete the trial in the
control group due to having a stroke and subsequently had to leave the trial
due to hospitilsation.
In the experimental group one participant was on sick leave and four were
retired. In the control group two participants were on sick leve and three were
retired. No particiapant was in full employment.
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Table 4. 1 shows demographic and baseline characteristics of participants in
each group. There were no significant differences in demographics, ulcer
features and comorbidities among both groups prior to enrollment. Therefore,
indicating that randomisation was successful in this study. The CONSORT
Flow diagram illustrated in Figure 4.1 depicts the progress of participants in
the experimental and control group throughout the RCT.
Table 4. 1: Baseline demographic data
Experimental group

Control group

(n=6)

(n=5)

Mean (SD)

68 (11.5)

76 (16.6)

Range

54-82

58-91

Male

5

5

Female

1

0

Mean (SD)

4.3 (1.4)

5.6 (3.2)

Range

3 -6

3-11

Median

4

4

Left

2

2

Right

4

3

Employed

0

0

Unemployed

0

0

Sick leave

1

2

Retired

4

3

Age (Years)

Gender

Wound duration
(months)

Wound position

Working status
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Enrolment

Number assessed for
eligibility
Exluded (1)

Allocation

Randomised (12)

Allocated
CONTROL
group (5)

Allocated
EXPERIMENTAL group
(6)

Followup

Analysis

Analysed (6)

Analysed (5)

Wound healing
Improved (6)

Wound healing
Improved (3)

Wound healing
Disimproved (0)

Wound healing
Disimproved (2)

Four week follow up
(2)

Four week follow up
(3)

Figure 4. 1: CONSORT Flow diagram of the progress of the
experimental and control group throughout the study
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4.2 Objective 1: Did CUSECS with standard care treatment improve
healing rates of chronic DFUs over 8-week period?
The change in wound size for each participant was calculated as a
percentage. An increase in wound size percentage is indicative of an
increase in healing rate in the wound and thus a smaller wound. In the
experimental group, the mean wound size percentage was 77%, SD 18%
(54-100%). In the control group the mean wound size percentage was in a
negative figure of minus (-) 109%, SD 262% (-550-100%) indicating an
increase in wound size. These findings are shown in Table 4.2. As illustrated
in Table 4.3, there was no signficance in the effect of age on the healing
rates of DFU in either group; experimental group (p=0.733), control group
(p=0.672).
Table 4. 2: Wound size statisitical comparison
Group

N

Mean

SD

Experimental

6

77.1667

Control

5

-109.4000

Minimum

Maximum

18.97806

54.00

100.00

262.26094

-550.00

100.00

Table 4. 3: Wound Size and significance with age
Group

N

Mean
age

Age and wound healing
Sig (p<0.05)

Experimental

6

68

p=0.733

Control

5

76

p=0.672

Table 4.4 presents each participant’s individual wound size difference from
week 1 to week 8 as a percentage. It also displays the amount of treatments
completed by each participant.
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Table 4. 4: Participant individual wound healing data
Participant
number
Treatments
Completed
Week
(treatment
number)
WSD (%)

Experimental group
1
2*
3
4
7(13)

5

8
(16)

2(4)

2(4)

54%

71% 100% 100% 64%

Control group
Participant 1**
2
3
4
number
Treatments 2(2)
8(8)
3(3)
8(8)
Completed
Week
(treatment
number)
WSD (%)
-550% 100% 36%
145%

6

8(16) 8(16)

89%

5
8(8)

12%

*Completed after four treatments due to infection for more than two weeks
(on 8 weeks IV antibiotics – resultant in digital amputation)
**Patient left study due to having a stroke

4.3 Objective 2: What were the changes in wound size and appearance
from baseline to week 8 (or sooner if complete wound healing occurs
earlier)?
As indicated in Table 4.5, there were no significant difference in the mean
wound surface area between both groups at baseline (p=0.096) or week 8
(p=0.188) when tested using independent t-test.
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Table 4. 5: Wound size and photographic wound assessment (PWA)
score data

Baseline wound size
Mean (SD)
Min-max
Last treatment wound
size
Mean (SD)
Min-max
PWA baseline
Mean (SD)
Min-max
PWA week 8/last
treatment
Mean (SD)
Min-max

Experimental
group (n=6)

Control Group
(n=5)

Significance
(p<0.05)
p=0.096

0.98cm2 (1.63cm2)
0.06cm2 – 4.26cm2

0.26cm2 (0.21cm2)
0.02cm2 –0.57cm2
p=0.188

2

2

0.49 cm (0.73 cm )
0 cm2-1.55 cm2

2

2

0.25 cm (0.21cm )
0.0 cm2–0.5 cm2
p=0.054

12.17 (5.85)
7-21

8.8 (2.9)
5-12
p=0.614

7 (6.5)
1-14

8.5 (9)
1-15

Baseline mean wound size area for the experimental group was 0.98cm2 (SD
1.63cm2, 0.06cm2 – 4.26cm2); for the control group was 0.26cm2 (SD
0.21cm2, 0.02 cm2 – 0.57 cm2)
Week 8 mean wound size area for the experimental group was 0.49 cm2 (SD
0.73 cm2, 0 cm2-1.55 cm2); for the control group was 0.25 cm2 (SD 0.21 cm2,
0.0 cm2 – 0.5 cm2). The wound size progression between both groups from
week 1 to week 8 is illustrated in Figure 4.2.
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Figure 4. 2: Graph of mean wound size scores week 1

-8

Baseline mean photographic wound assessment score for the experimental
group was 12 (SD 5.8, 7-21); for the control group was 8.8 (SD 2.9, 5-12).
Week 8 mean photographic wound assessment score for the experimental
group was 7 (SD 6.5, 1-14); for the control group was 8.5 (SD 9, 1-15). See
Figure 4.3 for weekly progression of wound appearance scores from the
photographic wound assessment tool.
As shown in Table 4.5, there was no significance found in photographic
wound assessment scores between both group with baseline scores at week
1 (p=0.054) or week 8 scores (p=0.614). The trajectory of wound
assessment scores from week 1 to week 8 is illustrated in Figure 4.3. The
experimental group started with a wound assessment value of 12 and
continued to decrease in values except for week 3 and 6 where values
increased. The control group painted a difference path of wound assessment
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values, commencing at 8.5, values decreased until week 4. From week 4-8,
wound assessment values increased towards the values at week 1.

Figure 4. 3: Graph for PWAT scoring week 1 -8
4.4 Objective 3: Is there a difference in self-efficacy scores in participants
receiving CUSECS when compared with those receiving standard care
treatment?
In the experimental group, 5 out of 6 participants completed the PROMIS
questionnaire and in the control group 4 out of 5 participants completed the
questionnaire at week 8 or when participants had reach full healing.
As illustrated in Table 4.6, self-efficacy scores increased slightly across both
groups between week 1 and 8. However, as shown in Table 4.7 changes
were not statistically significant (experimental group p=0.691; control group
p=0.684). In week one, the mean baseline score for the experimental group
was 49±12 which increased to 54±6.3 by week 8. In the control group the
mean baseline score was 45±3.8 which also increased at week 8 to 47±3.9.
Despite these small changes, self-efficacy scores in the control group were
closer to the general population score of 50 when compared to the
experimental group.
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Table 4. 6: Self-efficacy data
Experimental Control
group
group
(n=6)
(n=5)

Self-efficacy
baseline
Mean (SD)
Min-max
Self-efficacy
week 8/ full
healing
Mean (SD)
Min-max

49 (12)
32-69

54 (6.3)
47-64

Correlation
with
wound
size
(r)
0.083

Significance
with wound
healing
(p <0.05)

0.250

0.660

0.166

45 (3.8)
42 – 52

47 (3.9)
42-51

Table 4. 7: Self-efficacy data
Experimental Control
group (n=6)

group(n=5)

0.691

0.684

Significance with wound healing
and self-efficacy week 8/full
healing (p <0.05)

4.5 Objective 4: Is there a difference in patient reported QOL in
participants receiving CUSECS when compared with those receiving
standard care treatment?
The eight scales of the SF-36 form were analysed. All patients completed the
SF-36 questionnaire at week 1 of the trial. In the control group 4 out of 5
participants completed the questionnaire at week 8; in the experimental
group 5 out of 6 completed the questionnaire at week 8 at the trial. Scores
are presented between 0 and 100, with 100 indicating the increase in
likelihood in each subscale and score towards 0 indicating less likelihood. A
full description of all QOL scoring is shown in Table 4.8.
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Table 4. 8: SF-36 Subscale data
Health

Experimental

Control

Correlation

Significance

domain

group

group

Week 8 &

Week 8 &

Mean (SD)

Mean (SD)

wound size

wound size

(n=6)

(n=5)

diff

diff

(r)
p<0.05
Week

Week

Week Week

1

8

1

8

Physical

62.5

43.8

69

67.5

Health

(27.3)

(37.2) (16.4) (20.2)

Limitations

18.3

12.5

97.5

75

due to

(40.2)

(25)

(5.5)

(35.4)

47.8

73.8

45

57.5

(24.8)

(20.2) (9.35) (16.6)

Emotional

75.2

84

85.6

83

well being

(22.2)

(8.7)

(3.6)

(6.8)

Limitation

35

12.5

86

75

due to

(50.5)

(25)

(31.3) (35.4)

Social

33.3

31.3

85

functioning

(33.2)

(14.1) (22.4) (23.7)

Pain

47.9

43.8

(50)

(37.9) (42.7) (26.7)

General

63.3

57.5

Health

(13.7)

(28.7) (11)

.080

0.305

-0.656

0.028

0.277

0.259

-0.278

0.862

-0.532

0.213

-0.205

0.053

-0.324

0.357

.038

0.495

physical
health
Vitality

emotional
problems

65
42

65.6

66.9
43.8
(24.6)
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The physical health scores indicate that the control group perceive their
physical health as good (67.5) when compared to the experimental group
(43.8). There was a reduction in participants’ perceptions of their limitations
due to their physical health in both groups however the control group had a
higher score of 75 compared to the experimental group which was 12.5. The
mean emotional well-being of those in the experimental group increased to
84 from 75 whereas it decreased slightly in the control group 85.6 to 83.
The scores for vitality greatly increased in both groups when compared to the
baseline results. The results from the SF-36 questionnaire also indicate that
the experimental group felt that their quality of life was not limited by
emotional problems as much as the control group (12.5 vs 75). Baseline
social function scores reduced in both groups at week 8 (or end of the trial),
however the experimental group had lower levels when compared to the
control group at week 8 (31.3 vs 65.6). The experimental group’s general
health mean score decreased by week 8 however it remained higher than
the control groups (57.5 vs 43.8). Lastly, pain in the experimental group
decreased slightly and increased slightly in the control group.
The mean and correlation for all subsets were analysed and significance was
assessed with wound size. Significance was found between limitations due
to physical health and wound size (p=0.028). A comparison between the
subscales in each group is illustrated in Figure 4.4 for week 1 and Figure 4.5
for week 8.
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Vitality1

Figure 4. 4: SF-36 mean score week 1

Vitality8

Figure 4. 5: SF-36 mean score week 8
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4.6 Objective 5: Does CUSECS have an effect on wound pain when
compared to standard care treatment?
Out of the 11 participants recruited in the study only two patients reported
pain, one in the experimental group and one in the control group. In the
experimental group, the wound pain score decreased by 66.7% (p=0.166). In
the control group the wound pain score remained at a stagnant 1 out of 10
(p= 0.451). The wound pain scores from week 1 to week 8 are illustrated in
Figure 4.6. There was no strong correlation between wound size and wound
pain (r=0.181).
Pain medication: Out of the 11 participants, 2 were taking medication for
pain relief. Both patients were in the experimental group and taking
medication for symptoms connected to diabetic neuropathy. No pain
medication was being taken for symptoms related to participants’ DFU.

Figure 4. 6: Wound pain numeric
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scale per week (mean)

4.7 Objective 6: Does CUSECS have an effect on ankle dorsiflexion when
compared with those receiving standard care treatment?
All participants’ ankle dorsiflexion measurements were taken on entry to the
study. Measurements were taken on the foot which had the DFUs. The three
ankle dorsiflexion measurements taken for each participant were averaged
and the mean, standard deviations and ranges were calculated. The findings
are summarised in Table 4.9 and 4.10.
Table 4. 9: Ankle dorsiflexion demographic measurements and
significance
Experimental group Control

Significant

(degrees)

p<0.05

group
(degrees)

(n=6)

(n=5)

Ankle dorsiflexion

0.810

baseline

14.3 (5.1)

15.2 (5)

Mean (SD)

5-20

9-19

Min-max
Ankle dorsiflexion

0.377

week 8/ full healing
Mean (SD)

15.3 (4.6)

15.6 (5.4)

Min-max

7-21

8-21

Mean difference

1°

0.4 °

week 1- week 8

Table 4. 10: Ankle dorsiflexion correlation and significance with wound
size difference
Correlation Significant
r
Ankle dorsiflexion week 1

(2-tailed)

0.278

0.407

Ankle dorsiflexion week 8 / full healing 0.397

0.227
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Baseline ankle dorsiflexion measurements for the experimental group were
mean 14.3 degrees (°) (±5.1°; 5-20°) and for the control group were mean
15.2° (±4.5°; 9-19°). There was no correlation or significance between ankle
dorsiflexion and week one wound size (r=0.278, p=0.407).
Week 8/ at full wound healing, in the experimental group 5 out of 6
participants’ ankle dorsiflexion were measured resulting in a mean of 15.3°
(±4.6°, 7-21°); in the control group 4 out of 5 participants’ ankle dorsiflexion
was measured providing a mean of 15.6° (± 5.4°, 8-21°) There was a weak
correlation between wound size difference and end of trial ankle dorsiflexion
results (r=0.397) however there was no significance found (p= 0.377).

4.8 Objective 7: What is the economic impact of treating DFU with
CUSECS treatment on the health service when compared to standard
care treatment?
The average overall cost for participants in this 8-week trial was €1658.66.
The total mean cost for treatment for the 6 cases in the experimental group
was €1440.61 (±€2453.28, €0 - €6426.11). This was broken down in to
€444.56 (€241.94) direct costs and €996.05 (€2329.54) indirect cost in the
experimental group.
In the control group the total mean cost for the 5 cases was €1920.32
(±€2571.88, €0 - €4852.24) and broken down in to €52.02 (€43.55) direct
cost and €1868.30 (€2545.95) indirect cost. Table 4.11 provides a full
comparative analysis on the direct and indirect costs in both groups.
As indicated in Table 4.12, the mean travel distance for each patient travel to
and from the clinic in the experimental group was 417.53km (SD 764.48km,
21.6 – 1971km) and in the control group was 63.92km (SD 30.41km, 27.60 –
94.40km).
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Table 4. 11: Comparative cost effectiveness of CUSECS and standard
treatment
Experimental group (€)

Control group (€)

(n=6)

(n=5)

Mean (SD)

444.56 (241.94)

52.02 (43.55)

Median (min-max)

546.30 (0-674.57)

75.6 (0-89.76)

Mean (SD)

72.86 (71.10)

23.46 (14.91)

Median (min-max)

52.47 (11.31-196.67)

27.18 (2.92-36.56)

255.38 (130.36)

0 (0)

Mean (SD)

116.32 (59.38)

41.56 (23.28)

Median (min-max)

149.55 (39.88 -159.52)

53.2 (6.65-53.20)

Mean (SD)

996.05 (2329.54)

1868.30 (2545.95)

Median (min-max)

49.23 (0-5750.54)

30.21 (0- 4776.64)

Mean (SD)

247.87 (498.06)

72.68 (121.75)

Median (min-max)

49.23 (0-1261.50)

30.21 (0-287.60)

Mean (SD)

748.17 (1832.64)

1795.61 (2458.75)

Median (min-max)

0 (0-4489.04)

0 (0-4489.04)

Mean (SD)

1440.61 (2453.28)

1920.32 (2571.88)

Median (min-max)

583.73 (0-6426.11)

89.76 (0-4852.24)

DIRECT COST:

Dressing cost

Cost of CUSECS
Mean (SD)
Podiatry cost

INDIRECT COST:

Travel cost

Loss of earnings

TOTAL COST
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Table 4. 12: Travel distance of participants in experimental and control
groups
Experimental group

Control group

(KM)

(KM)

(n=6)

(n=5)

Travel distance one way
Mean (SD)

15.56 (24.66)

11.62 (10.87)

Median (min-max)

5.85 (2.85 - 65.70)

4.6 (2.5 - 23.60)

weeks)

417.53 (764.48)

63.9 (30.41)

Mean (SD)

132.3 (21.60 - 1971)

64 (24.60 - 94.40)

Travel distance (over 8

Median (min-max)

4.9 Objective 8: Does CUSECS have an effect on reoccurrence rates of
DFUs when compared to standard care treatment?
In this study, 5 out of the 11 participants recruited did not participate in the
four-weekly review after the trial had finished. However, it is important to note
that two of the five participants that failed to follow-up had to drop out during
the study due to one participant developing a severe foot infection and the
other individual having a stroke. In the experimental group 3 out of 6
participants were followed up and in the control group, 3 out of the 5
participants were followed up.
The wound size difference for each participant at follow-up was calculated as
a percentage. The difference was calculated between the end trial
measurement and the follow-up measurement for each participant who
attended their follow-up appointment. As shown in Table 4.13, in the
experimental group, the mean wound size percentage was 29% (±50%, 086%). In the control group the mean wound size percentage was 4%, (±43%,
-37-48%). One of the ulcers that healed in the experimental group at week 8
remained healed at the four-week review. Similarly, in the control group the
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ulcer that achieved full healing at week 8 remained healed at the follow-up
review. A photographic comparison of each wound included in this study at
the three different time points, week one, end of trial and follow-up, can be
found in Table 4.14.
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Table 4. 13: Participant follow-up data

Experimental group
Participant number

1

Treatments

2

Control group

3

4

5

6

1

2

3

4

5

8 (16) 2(4)

7(13)

2(4)

8(16) 8(16) 2(2)

8(8)

3(3)

8(8)

8(8)

WSD (%)

54%

71%

100% 100% 64%

89%

-550%

-145% 100% 36% 12%

Follow-up *

0%

DNA**

DNA

DNA

DNA

-37%

Completed
Week (treatment number)
0%

Drop out

86%

0%

48% DNA

Drop out

*Follow-up: four weeks after completing the trial. WSD percentage were calculated between end trial measurements & followup measurements
**DNA: Patient didn’t attend follow-up/ couldn’t be contacted.
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Table 4. 14: Photographic comparison of each participant’s wound healing at three time points
Experiment Participant 1
Week one

Final measurement (week 8)

Follow-up/notes

0.89cm2

0.41 cm2

0.41 cm2

Experiment Participant 2
Week one

Final measurement (week 2)*

Follow-up/notes
* Patinet had to leave the trial
after completed after four
treatments due to infection for
more than two weeks (on 8
weeks IV antibiotics – resultant
in digital amputation)

0.31 cm2

0.09 cm2
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Experiment Participant 3
Week

Final measurement (week 8)

Follow-up/notes
x Fail to follow-up

0.06 cm2

0.0 cm2

Experiment Participant 4
Week one

Final measurement (week 4)

Follow-up/notes

0.06 cm2

0.0 cm2

0.0 cm2
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Experiment Participant 5
Week one

Final measurement (week 8)

Follow-up/notes

4.26 cm2

1.55 cm2

0.22 cm2

Experiment Participant 6
Week one

Final measurement (week 8)

Follow-up/notes
x Fail to follow-up

0.27 cm2

0.07 cm2
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Control Participant 1
Week 1

Final measurement (week 2)*

Follow-up/notes
*Patient had a stroke and as a result
had to stop the trial. No follow-up
therefore could be carried out.

0.02 cm2

0.13 cm2

Control Participant 2
Week one

Final measurement (week 8)

Follow-up/notes

0.11 cm2

0.27 cm2

0.37 cm2
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Control Participant 3
Week one

Final measurement (week 3)

0.26 cm2

0.0 cm2

Follow-up/notes
Patinet failed to attend follow-up
appointment

Control Participant 4
Week one

Final measurement (week 8)

Follow-up/notes

0.33 cm2

0.21 cm2

0.11 cm2
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Control Participant 5
Week one

Final measurement (week 8)

0.57 cm2

0.50 cm2
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Follow-up/notes
x Patient failed to attend
follow-up appointment

4.10 Summary
In this chapter the findings from the data analysis were presented. There was
an increase in healing rate and wound appearance in the experimental group
however, due to small sample size no statistical significance was found.
There was no difference found in wound size or participant demographics at
baseline in either group.
With regards to QOL, there was a small significance found between limitation
to physical health and wound size difference. Despite the improvement in
healing rates in the experimental group only two wounds fully healed.
Therefore, participants still had a DFU which would remain to have a
significant impact on their QOL. There was no improvement in self-efficacy
results in the experimental group and the ankle dorsiflexion measurements
only slightly increased in the experimental group when compared to the
control group. The presence of wound pain in this study was low due to the
majority of participants having diabetic neuropathy. One participant’s wound
pain reduced by 66.7% in the experimental group while the wound pain a
control participant was experiencing remained the same.
There was a major difference in costing between the experimental group and
the control group. The control group had a greater overall mean cost due to
more participants out of work due to their DFU, leading to high indirect cost.
However, when costs were broken down, the experimental group as
expected produced a higher direct cost to the health service. Despite this,
the faster healing rates evident in this group could lead to cost reductions
over a longer time period.
Participants portrayed good compliance in maintaining attendance
throughout the eight-week trial as only two participants (18%) were forced to
drop out from the trial due to one having a foot infection for over two weeks
and the other having a stroke and was subsequently hospitalised. All efforts
were made to ensure adequate follow-up to analyse participants wound size
four weeks after the trial had finished. However, three didn’t return.
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In the next chapter the findings will be explored, interpreted and compared to
the literature reviewed surrounding this research study.
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Chapter Five: Discussion

120

5.0 Introduction
This chapter begins with exploring the demographic details of the study’s
population reviewing gender, age and participants’ ulcer site and ulcer duration,
examining if they have any correlation with wound healing within the study and
in previous literature. Following this, the research findings are discussed,
addressing the initial research aim and objectives, along with exploring any
contributing factors to the study’s results. Finally, recommendations are made
for further research to build on the study’s findings and learning from the
discussed strengths and limitations of this current study.
5.1 Response rate and demographics of sample population
5.1.1 Research participants
A total of eleven individuals with eleven chronic DFUs took part in this study.
Similar studies assessing the effectiveness of CUSECS used sample size of
seven to four hundred and fifteen participants (Avrahami et al., 2015, Toscanella
et al., 2016, O'Connor et al., 2017, Rosenblum et al., 2017) however, these
studies had no comparative controls and were case series, with two being a
retrospective analysis. Published studies testing the effectiveness of an
adjunctive treatments such as ultrasound, electrostimulation and oxygen
therapy used sample sizes varying between twelve (Yao et al., 2014), twenty
(Yu et al., 2016) and one hundred and forty-five participants (Peters et al.,
2001). Only two of the above authors mentioned the time frame of their studies
which was one year (Kessler et al., 2003, O'Connor et al., 2017). Therefore, the
author can only deduce that other studies followed the same pattern and took
place over a time period of a year or more. This present study took place over
six months recruiting eleven participants. Therefore, it is thought that if this pilot
study was run over a longer time period, a larger sample size might have been
recruited to match the numbers in previous adjunctive therapy studies.
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5.1.2 Gender
In this study there was an accurate representation of the gender ratio for the
development of chronic DFUs as all participants were male, with the exception
of only one female. According to the IDF, there is no significant difference in the
diagnosis of diabetes between genders (IDF, 2017) , however in studies
conducted around DFUs, males generally account for the majority of
participants (Reiber et al., 1999, Boyko et al., 2006, Hurley et al., 2013, Jupiter
et al., 2016). This was also seen in the Eurodiale study, which was a
prospective observational study conducted in 14 European centres between
2003 and 2004. Out of the 1,232 participants included, 65% were male
(Prompers, 2008).
The male gender has been documented as a risk factor associated with the
development of DFU (Pham et al., 2000, Marston, 2006, Hardman and Ashcroft,
2008, Guo and DiPietro, 2010). Some suggest that women are more prone to
adhering to instruction (Marston, 2006), while Ashcroft and Mills (2002) believe
that the endogenous testosterone prevents wound healing in males and
prolongs the inflammatory response (Ashcroft and Mills, 2002). However, to
date there has been limited data to support the reasoning behind this
correlation.
5.1.3 Age
Age is classified as a risk factor of DFUs and for slow healing wounds in general
(Prompers, 2008, Guo and DiPietro, 2010). Furthermore, the Eurodiale study
found that increase in age was one of the independent predictors of lower
probabilities of healing. This was reflected in our research as we found that 71
years was the mean age of our study sample, with the mean age in the
experimental group being 68 years and in the control group the mean age was
76 years. This highlighted the strong association of DFUs among those in the
elderly population.
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Age related changes are evident in every phase of healing when compared to
younger individuals. These include enhanced platelet aggregation, reduced
secretion of inflammatory mediators and growth factors, increased macrophage
and lymphocyte activity and function, reduction in collagen and decreased
wound strength (Gosain and DiPietro, 2004). It is believed that these result in a
delay in wound healing but do not impair the quality of healing (Swift et al.,
2001, Gosain and DiPietro, 2004). On the contrary, Oyibo et al. (2001), believes
that the increase co-morbidities has more of a significant effect on wound
healing rather than an individual’s age. Each participant’s co-morbidities were
not documented in our study and therefore we do not have any data to explore
this concept further.
5.1.4 Ulcer site
The main ulcer anatomical sites were the forefoot, with four DFUs located on
the planter 1st metatarsal phalangeal joint, four on the plantar hallux, two on the
hindfoot (plantar calcaneus and lateral calcaneus) and one on the dorsal 2nd
interphalangeal joint. This did not correlate with the findings in the Eurodiale
study which found that only 22% of the 1,232 participants had a DFU on the
plantar forefoot or midfoot. Instead, the dorsal or interdigital spaces were
identified as the most frequent ulcer sites (Prompers, 2008). The forefoot and
hindfoot are high pressure sites in the foot and this might be a contributing
factor to the development of chronic ulcers in these sites. Therefore, there is a
potential that in this study off-loading advice was not adhered to, or the
anatomical areas were not adequately offloading.
5.1.5 Ulcer duration
Wound duration is recognised as one of the independent predictors of poorer
wound healing (Margolis et al., 2000). Margolis et al. (2002) reported that there
is a strong correlation between wound size, wound duration and wound
classification, with wound healing. The mean ulcer duration in the experimental
group was 4.3 months (range 3-6 months) and in the control group was 5.6
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months (3-11 months). There was no significant correlation found between
healing rates and ulcer duration in this study (r= -0.517). However, it is worthy to
note that Margolis et al. (2002) included a cohort of over 31,000 participants and
therefore our study may have been too small to find an association.
5.2 Study Objectives
5.2.1 The effect of CUSECS with standard care treatment on DFU healing
rates
In our study, the mean wound size change for the experimental group was an
improvement of 77% (±18%, 54% - 100%) and in the control group the wound
size dis-improved by -109% (±262%, -550% – 100%) when compared to
baseline measurements. While the DFUs in the experimental group healed at a
greater rate than those in the control group receiving standard care, the sample
size was too small to determine if these findings were statistically significant.
Despite this, the size measurements for the experimental group are consistent
with three previous non-comparable studies conducted with CUSECS.
Avrahami et al. (2015) reported that 59.7% of the 26 DFUs in its trial achieved a
50% closure rate and O’Connor et al. (2017) recorded a 71% increase in
healing in a case series of seven participants. Toscanella et al. (2016) also
found an improvement in wound closure rate by 20.97% in a cohort of eighteen
participants. Despite the author not mentioning how many of the eighteen
participants had a DFU, CUSECS had a beneficial effect on wound healing
rates.
The mean wound healing size of the control group in this study was much lower
than the experimental group. This is comparable to previous RCTs testing the
effectiveness of electrostimulation on wound healing, such as a trial conducted
by Peters et al. (2001). In the study Peters et al. (2001) found that the sham
group had a healing rate of 35% when compared to the experimental group who
had a healing rate of 65%. Likewise, there was a lower healing rate for the
control group in a study by Lundeberg et al. (1992) when compared to the
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experimental group (control 15%; experimental 45%). The control group results
are also similar to a RCT carried out by Ennis et al. (2005). This study assessed
the effectiveness of ultrasound on wound healing and found that the control
group had a 14.3% increase in wound healing, while in the experimental group a
40.7% improvement was seen.
Of the five participants in the experimental group, 50% of patients(n=2)
achieved full healing and 25% (n=1) of the four participants in the control group
fully healed. Overall, when participants’ wound size differences were compared,
all ulcerations in the experimental group had a healing rate of over 54%,
whereas the healing rate of those in the control group was much slower at 12%
and over.
The complexity of DFU was highlighted in this small cohort of participants with
two participants not fully completing the trial. One participant contracted a stage
three infection as classified by the Infectious Diseases Society of America
(Lipsky et al., 2012), in his foot which had the DFU. This infection progressed
resulting in the participant having an amputation of the affected foot. Although
this did not appear to be correlated to the CUSECS treatment, it portrays how
quickly the status of this group of patients can change. Indeed, it provides a true
representation of the population with DFU in which 56% can progress to an
infected ulcer, and one in five of these will undergo either a minor or major
amputation (IDF, 2017). One of the participants in the control group had a mild
infection and was provided with oral antibiotics for seven days. He was removed
from the trial for this week and re-joined it once all clinical signs of infection had
cleared. Another participant had a transient ischaemic attack while he was
enrolled on the trial and had to be excluded as he was subsequently
hospitalised for over two weeks. This is representable of those with diabetes, as
it has been found that this group have a 1.5-3 times higher risk of having a
stroke when compared with the general population without diabetes (Alloubani
et al., 2018).
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5.3.2 Changes in wound size and appearance
The overall goal of researching wound healing treatments is to assess their
effect on the process of wound healing and on patients’ experiences (Steed et
al., 2006). Healing trajectories are essential in providing in depth information on
the whole wound healing process. They provide a more accurate guidance
about the actual effectiveness of treatments as opposed to a “snap shot
approach” of data from a single point (Robson et al., 2000).
In our study the wound progression between chronic stagnant wounds and
healing wounds was examined. At baseline the experimental group had a larger
mean wound size at 0.98cm2 when compared to the control group at 0.26cm2.
Although the wound size was larger in the experimental group at week eight, the
wound size percentage difference was greatly reduced at 77% compared to the
control group (-109%). Over the eight week trial the wound healing trajectory
amongst the experimental group was in more representative of a linear gradient
of improvement when compared to the control group. In the control group
wound healing dis-improved from week three onwards resulting in an increase
in wound size.
Each DFU’s appearance was assessed using a photographic wound
assessment tool. The experimental group mean wound assessment scores took
an interesting path over the eight week trial, with a great decrease from week
one to two, but a substantial increase in scores from week two to week three.
After this, the scores continued to decrease, except for a slight increase week
five to week six. The control group commenced with lower photographic wound
assessment scores than the experimental group, however they rose throughout
the study indicating poor healing. By week eight the experimental group had a
larger improvement with a mean difference of 5 when compared to the control
group who had a mean score of 0.3.
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The unpredictable pathway portrayed in the wound size and wound appearance
data from week one to week eight in the control group illustrates the stagnant
state of healing that chronic wounds are in, creating an uncoordinated healing
trajectory, with frequent relapses in progression (Velnar et al., 2009). Thus, the
DFUs in the control group support Sheehan et al. (2003) who found that DFUs
which are not 50% smaller in surface area after 4 weeks of optimal care were
unlikely to heal by week twelve.
Furthermore, Sheehan et al. (2003) and Kirsner et al. (2010) believe that a
decision to use an adjunctive therapy on a non-healing wound after four weeks
of standard treatment would be beneficial given the effectiveness found with
these interventions. Although the adjunctive therapy of CUSECS improved
healing rates and resulted in two healed wounds, all wounds in the experimental
group did not progress through the remaining stages of healing in a timely
manner and did not reach the ideal endpoint of healing. Therefore, despite the
predicted pattern of wound healing arguable to be largely achieved in less than
six weeks under optimal care (Singh et al., 2005), DFU don’t follow a predictive
pathway even with a beneficial therapy such as CUSECS, thus highlighting their
complexity.
5.2.3 Self-efficacy
Many studies such as Armstrong et al. (2003), Bell et al. (2005) and De Berardis
et al. (2005) believe that those with foot problems are less inclined to adhere to
self-management behaviours (Armstrong et al., 2003, Bell et al., 2005, De
Berardis et al., 2005). The correlation between self-care behaviour and selfefficacy has been evaluated in two separate studies by Al-Khawaldeh et al.
(2012) and De Souza (2008) resulting in in the argument that self-efficacy is key
to enabling patients to be more confident in managing their diabetes and
preventing diabetes related complications. Albargawi et al. (2017) also found
that the twelve participants with DFUs in their study had a lower self-efficacy
score when compared to a match cohort of eighteen participants with diabetes
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type two without a foot ulcer. Based on the above studies all participants in this
study should have had low self-efficacy scores due to having poor self-care
behaviours resulting in the development of DFU. However, interestingly this was
not the case.
The scores for PROMIS scales are presented based on T-score units, with a
mean of fifty and a standard deviation of ten (Cella et al., 2010). In this study the
control group’s self-efficacy score of forty-seven was surprisingly closer to the
general population’s scores when compared to the experimental group of fiftyfour. However, the difference was minimal and all participants’ scores in both
groups were within the normal self-efficacy range. Overall, there were no
statistically significant associations between DFU healing rates and self-efficacy
scores (p= 0.660, r= 0.250). These findings support those of Perrin et al. (2009)
and Wendling and Beadle (2015) who found there to be no difference in selfefficacy beliefs between those with and without a history of foot pathology.
However, it is necessary to mention that in the study conducted by Wendling
and Beadle (2015) the majority of the study population were healthy which may
have influenced the high scorings. Nevertheless, the results from our study
agree with Perrin et al. (2009) in stating that self-efficacy is not a useful
predictive variable for foot-care behaviour.
It is important to note that there is a potential that those who participated in the
study were more confident individuals and for that reason agreed to be part of
the trial. Along with this, the scores reflect the participants’ perceived selfefficacy levels and as they do not reflect actual behaviours, do not necessarily
mean that people are confident in carrying out foot management activities. The
tool used to evaluate self-efficacy in this study was a general self-efficacy tool.
Although, overall, the results indicate that participants’ self-efficacy was within a
normal range, the tool does not specifically look at management of foot care.
Therefore, the self-efficacy results from this study must be reviewed with caution
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and it is suggested that future studies should use tools which focus specifically
on individuals with DFU.
5.2.4 Patient reported quality of life
The burden of a chronic ulcer on a patient’s HRQOL has been well recognised
in the literature (Ismail et al., 2007, Bradbury and Price, 2011, Hoban et al.,
2015). In this study, the eight key components of HRQOL were analysed
between both groups encompassing physical and mental health. The scores in
each domain were transformed into 0–100 scales with a high score indicating a
better HRQOL. A change of 2-2.5 points in subscale scores indicated a relevant
change (Samsa et al., 1999). Similarly to the self-efficacy scores, the HRQOL
scores were based on participants self-perceived health status. Although an
health status can be perceived differently between individuals, it has been
suggested that self-assessed health status through questionnaires such as
PROMIS and SF-36 can provide a better indication of heath over and above
other objective measures (Idler and Benyamini, 1997).
The mental health components of the assessment were made up of vitality.
social functioning, role limitation due to emotional problems and emotional
wellbeing (Ware et al., 1994). Previously published studies have found a strong
correlation between foot problems and mental health issues (Hoban et al.,
2015), with Ismail et al. (2007) reporting one-third of those with DFU being
diagnosed with depression. This was not exactly the case within the
experimental group in this study. This group’s emotional wellbeing scores
improved by a mean of 9, as did vitality scores by a mean of 26. However,
participants in this group still felt their emotional problems had a limitation on
their health as the mean increased by 22.5. Social functioning scores also
decreased by a small mean of 2. Although the majority of participants in the
experimental group still had a DFU, some aspects of mental health may have
improved due to the increased wound healing rate. The control group’s mental
health scores followed more of the pathway described by Hoban et al. (2015).
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Their emotional wellbeing dis-improved by a small mean of 2 and social
functioning decreased by 19.4 despite this overall vitality increased by 8 and
role of limitation due to emotional problems decreased by 9.
Both groups’ findings are supported by Ribu et al. (2008) who found an
improvement in the mental health subscale, composed of emotional wellbeing
and role limitation due to emotional problems, in patients with healing ulcers
compared with those with persistent ulceration. This study’s score might indicate
that those in the control group were encountering increased feelings of
nervousness and depression (Ribu et al., 2008). In the present study, results
demonstrate that both groups became more socially isolated over the course of
the study, a finding which was also reported by Ribu et al. (2008) and NabuursFranssen et al. (2005). This is more than likely due to the decrease in physical
health seen in both groups. We didn’t document participant living status,
however it has been found that when compared to those without a foot ulcer,
those with DFUs were more likely to live alone (Ribu et al., 2008).
The physical health components evaluated were made up of physical
functioning, limitation to physical health, bodily pain and general health (Ware et
al., 1994). In a 3.1 year study which included 331 veterans with diabetes, Ahroni
and Boyko (2000) found that changes in physical functioning and limitations to
physical health were significantly related to changes in the status of individual’s
foot ulceration. In two separate studies Nabuurs-Franssen et al. (2005) and
Goodridge et al. (2005) reported that those with non-healing ulcers have a
greater decline in HRQOL scores with the most significant difference found in
physical health of individuals. Our study presented with contrasting findings as
those whose ulcerations were improving had a greater mean decline in physical
health subscales.
From baseline scores to the end of the trial, both groups’ physical health scores
decreased however, there was a much larger decrease in the experimental
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group’s scores when compared to the control group (19 vs 2). This decrease
suggests impairments in physical activity such as walking and climbing stairs.
However, it is important to note that continuous amounts of pressures on a
DFU, along with repetitive trauma are two of the main reasons for non-healing
wounds (Lavery et al., 2003). Therefore, pressure mitigation through, for
example, rest, total contact casts, removable cast walkers, help create an
optimal wound healing environment for DFU (Armstrong et al., 1998b). Thus,
one would expect those with a DFU to have lower physical health scores in this
study. It is possible that the experimental group were more adherent to
offloading instructions compared to the control group, providing reasoning for
their greater mean difference in physical health scores. However, the author
does not have data to prove this.
Participant’s overall perception of health in the experimental group decreased
by a mean of 15 and improved by a mean of 2 in the control group. Similar
results were seen with the bodily pain subscale, as the experimental group
scores increased slightly by a mean of 3 and improved by a small mean of 2 in
the control group. There was also an increase in participant’s perception of role
limitations due to physical health in both groups, with a greater mean increase
of scores in the control group when compared to the experimental group (22 vs
6). In this subscale, the study found there to be a small relationship between this
component and ulcer size. It is important to note that in this study only 2 of the 6
participants in the experimental group achieved full healing. Therefore, the
remaining 4 participants still had a DFU and although it was reducing in size, it
was still having a significant impact on participants’ QOL.
Overall, in our study the physical health components scores were worse in
those with ulcers healing than those with non-healing ulcers. There is no definite
explanation for these results however they might be related to participants in the
experimental group with healing ulcers being more compliant to reducing
pressure on their DFU and therefore reducing their physical exercise. It is also
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important to note that given the small sample size in this study it is difficult to
have full confidence in the small amount of data on a complex scale.
5.2.5 Wound pain
Participants in this study were asked if they experienced pain in their ulceration
on weight bearing or standing. One participant from each group reported pain in
their DFU which was measured using the numerical pain rating scale. By the
end of the trial, there was a 66.7% decrease in pain experienced by the
participant in the experimental group and the wound pain experienced by the
control participant remained constantly at a low measurement of 1 on the
numerical pain rating scale.
Diabetic peripheral neuropathy is prevalent in up to 66% of those diagnosed
with diabetes and is the main risk factor for the development of DFUs (Boulton
et al., 2008, IDF, 2017). The incidence of diabetic peripheral neuropathy is
thought to increase with duration of diabetes and poor glucose control (IDF,
2017). However, Tesfaye et al. (1996) evaluated a total of 3,250 patients with
type 1 diabetes and found that even in patients with a desirable glycaemic
control (HBA1C 7%), microvascular disease still occurred. This indicates that
diabetes duration and glycaemic control are not the only factors involved in
diabetic peripheral neuropathy (Tesfaye et al., 1996).
The majority of the participants in this trial did not have the ‘gift of pain’ (Sibbald
et al., 2003) as they reported their pain level as ‘0’ on the numeric pain rating
scale. Only two out of the eleven participants were taking pain medication for
neuropathic pain and not for pain related to their DFU. It is estimated that
between 20% and 50% of patients with peripheral neuropathy can experience
neuropathic pain in the legs and feet which include symptoms such as
paraesthesia, burning pain, hyperesthesia, deep aching, numbness or electrical
sensations (Boulton et al., 2005b, Davies et al., 2006).
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Our study correlated with the knowledge that wound pain not being a common
occurrence in DFUs (Sibbald et al., 2003). Sibbald et al. (2003) recorded that a
total of 18% of participants (n=2) reported pain associated with their DFU. This
finding is contradicted by Ribu et al. (2006), who found 75% of participants
reported pain associated with their DFU, which subsequently impacted HRQOL.
However, it is important to note that in this study the majority of participants who
report pain had an Ankle brachial pressure index (ABPI) reading of less than
0.9, indicating the presence of ischaemia (Al-Qaisi et al., 2009). In addition, a
larger proportion of participants who experienced no DFU pain were insensate
to light touch testing carried out using a 10g monofilament, indicating the
presence of neuropathy. Therefore, co-morbidities combined with diabetes
complications can have a major influence on experienced pain levels. Overall
there was no significance found between CUSECS and its effect on DFU pain
levels (p=0.451).
5.2.6 Ankle Dorsiflexion
The impact of CUSECS on ankle dorsiflexion was compared with participants
who were receiving standard wound care. Collectively the mean of participants’
ankle dorsiflexion increased by 1 degree in the experimental group and in the
control group it increased only by 0.2 degrees. There was a minimal difference
in these finding and subsequently they were not statistically significant
(p=0.377). To date there is no previous published analysis focusing on the
impact of CUSECS on ankle dorsiflexion. However, ultrasound and
electrostimulation have separately found contrasting results.
Therapeutic ultrasound has been found to increase flexibility in muscles through
its application of heat to connective tissues (Chan et al., 1998, Knight et al.,
2001). Knight et al. (2001) found that the use of ultrasound for seven minutes
plus stretching of the Achilles tendon increased passive ankle dorsiflexion by
7.35 degrees in a group of twenty participants. However, it is important to note
that ultrasound treatment was performed on the posterior plantar flexor muscles
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of the leg where as in our study the ultrasound was place over and around the
wound area. Other studies focusing on ultrasound have found contrasting
results. When subjects treated with therapeutic ultrasound were compared with
those treated with a placebo ultrasound, no clinical significant differences in joint
mobility measurement were found (Nyanzi et al., 1999, van der Windt et al.,
1999, Baker et al., 2001).
Electrical stimulation has also portrayed positive results in improving joint
mobility. Sabut et al. (2010) carried out a study on thirty patients who had foot
drop which was as a result from a stroke. Functional electrical stimulation was
applied at a frequency of 40 Hz and a width of 0.3m/s every day for 30-45 mins
for twelve weeks. The study revealed that passive ankle range of motion
improved by 34.8% (>10 degrees). Despite this there has been no data analysis
on a population with diabetes (Sabut et al., 2010).
It is believed that at least 10 degrees (Murray, 1967) to 15 degrees (Ostrosky et
al., 1994) of ankle dorsiflexion required for a normal balanced gait (Norkin and
White, 2016), while non weight-bearing scores are believed to range between 8
and 26 degrees (Rome, 1996). One of the reasons for the varying range is due
to inconsistency in measurement technique and discrepancy in selection of
consistent measurement points of each foot. Along with this, the differing in
study design can cause comparisons between studies challenging and result in
error of measurement (Rome, 1996). Collectively, the participant group in this
study had adequate ankle dorsiflexion movement at baseline mean
measurements (14.7 degrees) and at the end of the trial (15 degrees). A total of
18% (n=2) of participants had less than 10 degrees of ankle dorsiflexion at week
one and week eight of the trial indicating the presence of ankle equines (Murray,
1967).
In this study, age did not influence ankle dorsiflexion motion as seen to
influence joint mobility in other studies such as Nitz and Choy (2004) and Scott
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et al. (2007) . Both individuals with less than 10 degrees of ankle dorsiflexion
ages ranged from 54 to 91 years of age. Instead this study supports studies by
Amin et al. (2005), Abate et al. (2013) and Francia et al. (2015) who found that
limited joint mobility can occur in diabetes independent of age. All three studies
however also found that the subjects who were diagnosed with diabetes for less
than ten years had reduced joint mobility (Amin et al., 2005, Abate et al., 2013,
Francia et al., 2015). The duration of participants’ diabetes was not documented
in this study and therefore could not be compared.
To ensure accuracy in results, measurements in this study were taken three
times to as suggested by Cornwall et al. (2008) and Redmond et al. (2006).
However, it has been found that patients’ measurement scores are likely to
change on each measurement due to stretching of the posterior muscle group
(Searle et al., 2017). Therefore, the accuracy of this study’s ankle dorsiflexion
results must be reviewed with this in mind.
5.2.7 Economic impact
In addition to DFU having a negative impact on an individual’s QOL and selfefficacy, they have a substantial economic consequence (IDF, 2017). Costs in
this study were calculated individually for each participant in the trial from their
first treatment until their final visit. The average total cost, which included the
direct and indirect costs, in the cohort of patients over the eight weeks was
€1658.66. It is important, given the financial constraints in the Health Service
Executive (HSE), to consider, not only the clinical outcomes, but also the
financial impact of treatments and interventions. To date there is no precise
figures indicating the financial impact wound care has on the HSE in Ireland.
However, it has been estimated that the HSE spends in the region of €788.5
million annually on wound care, with individual patient wound care cost circa
€3850 (Gillespie et al., 2016).
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5.2.7.1 Direct costing
The direct cost of treatment in this study was much higher in the experimental
group €444.56 (±€241.94) when compared to the control group €52.02
(±€43.55). This was to be expected due to the additional dressing change each
week and cost of the CUSECS treatment. In a yearlong study conducted by
Smith et al. (2004), thirty people were admitted to a grade four hospital in
Ireland with a primary complaint of a DFU. Three of these patients had been
admitted before for a recurrent infection of a chronic DFU. The economic impact
of DFU admission was calculated at an average of €23,489.63 per hospital
admission. However, the author highlights that this is an underestimated cost as
there was no inclusion of routine blood testing or of antibiotic treatment cost
during the hospital stay (Smith et al., 2004). Despite the high cost of CUSECS
treatment in this study when compared to the control group, this adjunctive
treatment prevented all but one hospital admission and increased wound
healing was seen in all participants. Therefore, CUSECS may be cost effective
in preventing an increase in hospital admission costs as found by Smith et al.
(2004). The direct costs of this study which focused on dressing costs,
intervention cost and podiatry clinician costing will be reviewed individually.
5.2.7.1.1 Resources (Dressing, I nstrument and CUSECS)
The dressings selected for each patient were different and chosen based on the
wound presentation. A systematic review found that there is currently no strong
evidence to support major differences between wound dressings for treating
DFUs. The review suggested that health care professionals should be more
focused on unit cost of dressings, patient preference and dressing properties
when managing a DFU (Wu et al., 2015).
The calculation of resources was based on prices from official pricelists. Single
use instrument costs included scissors and size 15 blades however sterilisation
costs were not evaluated. CUSECS cost was calculated by price per unit which
resulted in an extra €255.38 (mean) cost in the experimental group. The mean
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dressing costs in the experimental group were three times greater than the
mean dressing cost in the control group (€72.86 vs €23.46). This may be due to
a number of reasons; firstly, the experimental group received one extra
treatment session a week which leads to an extra day of resources used. Along
with this, the wounds in the experimental group had a larger mean wound size
than those in the control group (0.98cm2; 0.26cm2) and therefore required more
dressings. It was also noted on the photographic wound assessment scores that
wounds in the experimental group presented with more maceration at the periwound area which would indicate and increase in wound discharge. To control
this, the podiatrist used more superabsorbent dressings which were among the
highest costing dressings used.
5.2.7.1.2 Podiatry clinician cost
The podiatry staffing cost accounted for the time spent treating each patient
along with the time it took to prepare the clinic before and after the treatment,
which were in line with “The Society of Chiropodists and Podiatrists (U.K)
Guidelines on Minimum Standards of Clinical Practice” for Podiatry. Similar to
the dressing cost, staffing cost in relation to pay and time was much higher in
the experimental group, €116.32, when compared to €41.56 in the control
group. This was mainly due to the extra treatment session and the additional 15
minutes the CUSECS took to undertaken, when compared with standard wound
care treatment.
The time taken by clinicians to routinely assess and treat wounds contributes
the most to the cost of treatment. Therefore, given the time it can take for
chronic DFU to heal, it is essential to taken in to account healthcare practitioner
cost along with dressing management costs, when deciding treatment (Harding
et al., 2000). This study concurs with Harding et al. (2000) in stating that the key
factors influencing the cost of treating a DFU are the time it takes to heal the
wound along with the clinician time (Harding et al., 2000).
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5.2.7.2 Indirect costing
The economic impact of DFU has been well researched with emphasis being
put on the financial hardship patients endure and the impact on their
employment (Gilpin and Lagan, 2008, Cavanagh et al., 2012, Kerr et al., 2014,
Hopkins et al., 2015). This study also captured the indirect cost of a DFU on the
healthcare system by analysing the travel cost and the loss of income for each
participant on the trial.
5.2.7.2.1 Loss of income
In the experimental group the mean loss of earnings was €748.17 which was
half the average amount of earnings lost in the control group €1795.61. Overall,
the income lost as a result of participants’ having a DFU was quite low. The
main reasoning for this is related to the fact that there were a large proportion of
old age pensioners (those over 65 years of age) in this study and therefore a
small number of participants who were on sick leave from work. Of the eleven
participants included, 9% (n=1) were unemployed, 27% (n=3) were on sick
leave from work and 64% (n=7) were retired. This resulted in the effect of DFU
on the loss of income being less significant. However, the number of individuals
who have a DFU and who are professionally active is lower than the general
population. Girod et al. (2003) found that only 11% of the 239 patients in their
study were on sick leave from work. In a study conducted by Gillespie 2014,
33% participants were in employment. Our study correlates with these findings
with 27% of the participants being on sick leave from employment.
5.2.7.2.2 Travel cost
The mean age of this study’s participants was seventy-one years old and
therefore the majority of the participants could avail of the Free Travel Scheme,
provided by the government for state public transport. However, for those who
were under the age of sixty-six where free travel was not available, the mean
travel cost for those in the experimental group was €247.87 and in control group
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this was €72.68. The cost travel cost in the experimental group was much
higher due to participants attending for treatment one extra session a week.
The study sites were tertiary referral centres supporting predominantly an urban
population. In previous studies, it was found that those who have a further
distance to travel to a diabetic centre for treatment are more likely to have an
amputation (Gallagher et al., 2014). In our study the mean one-way distance to
travel in the experimental group was 15.56km (2.85km-65.70km) and in the
control group was 11.62km (2.5km-23.60km). However, participants who had a
further distance had as much attention towards attending their appointments as
the participants who lived closure to the clinic. Along with this, this study took
place in the capital of Ireland which has more accessible transportation links
when compared to the study conducted by Gallagher et al. (2014) which was
based in rural area. However, it is important to note that at the recruitment stage
of this trial, those who had to come from outside the urban area were not willing
to participate with the exception of one participant. No one dropped out of the
study due to travel distance or accessibility to transportation.
Health care cost savings can be generated through prevention strategies and
patient education. However, for those with chronic DFUs a cost-effective
treatment is necessary. Diabetes is becoming more prevalent in children and
young adolescents. The IDF, (2017) have stated that Europe has one of the
highest incidence rates of type 1 diabetes in children and adolescents,
diagnosing approximately 28,200 individuals a year. This will lead to a great
increase in diabetic complications and the IDF, (2017) has already predicted
expenditures to increase from 208 billion USD to 214 billion USD with in the
coming years. A percentage of this increased expenditure will be due to the
development of new DFUs and therefore portrays the importance of developing
new treatments for managing DFUs and to also assess their cost effectiveness.
Overall the direct cost in the experimental group were much greater than those
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in the control group however, healing rate was quicker which could be
extrapolated to cost reductions over time.
5.2.8 The effect of CUSECS on reoccurrence rates of DFUs
It is thought that CUSECS treatment will continue to improve wound healing
after the trial was completed. To analyse this, participants were contacted four
weeks after they had completed the trial to return for a review of their DFU or
the area at which they had achieved full healing. Five participants failed to
follow-up however, two of those had dropped out of the trial due to one having a
diabetic foot infection and the other having had a stroke. Overall, all ulcers that
achieved full healing at the end of the trial remained healed. In the experimental
group, the wound healing had increased by 28% from the end of trial to the fourweek follow-up. A lower percentage of 4% was seen in the control group with
one DFU having increased in size by 91%.
The concept of ulcers being in remission after they have achieved full healing is
a helpful framework in order to portray the continuing risk to an individual of a
diabetic foot of re-ulcerating. Following a review of nine-teen comparable
studies, Armstrong et al. (2017) found that approximately 40% of healed DFUs
will re-ulcerate within the first year, with the figure risking to 60% in three years
and 65% within five years. In this study we only followed up four weeks after
individuals completed the trial and therefore do not have any data to compare to
Armstrong et al. (2017). However, since the trial ended, two participants
underwent minor digital amputations. The amputation sites were not connected
to the DFU site however this highlights the seriousness and complexity of DFU.
Similar findings were found in a study conducted by Ribu et al. (2008) who
reported that out of one hundred and twenty-seven participants included in their
twelve month study, 15% underwent an amputation at the end of the trial. In this
current study the amputation rate was 9% which is close to the estimated rate of
15% of DFU resulting in an amputation (Ramsey et al., 1999). The healing
progress of the ulcers in the control group in this study highlight how these
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chronic ulcerations can degrade with high potential in progressing to
amputation.
5.3 Contributing factors for increased healing rate in experimental group
There are number of contributing factors which may have influenced the clinical
course of the DFUs in the experimental group in this study.
One contributor for the increase of wound healing rates seen in the
experimental group could be correlated with the thermal effect of ultrasound.
Wound bed temperature is a factor that can affect the rate of wound healing
(Dini et al., 2015). It is believed that a low tissue temperature reduces healing
rates because of the reduction of oxygen release (Jain and Shakya, 2009). The
decrease in temperature of the wound bed also decreases the activity of cells
such as fibroblasts, neutrophils and inflammatory cells (Xia et al., 2000, Dini et
al., 2015). However, to date there is limited research on wound healing and
temperature and therefore no set established optimal temperature at which a
wound is to be at for healing. This insufficient data could be due to the
numerous factors influencing open wound temperature such as; health of tissue,
tissue density; metabolic heat generations; specific health of blood; blood flow
and neuropathy (Bagavathiappan et al., 2010, Papanas et al., 2010). Recently
Gethin et al. (2018) conducted a study on temperature of wounds over a twelve
week period. The study coincides with Van Netten et al. (2013) suggesting that
the potential temperature for wound healing should range between 28°C and
32°C, however further in depth research is required into the exact therapeutic
range in different wound types.
An ultrasound intensity of 1.0 to 2.0W/cm for between five to ten minutes is
needed to increase tissue temperatures and to achieve the thermal benefit of
ultrasound. Researchers have focused on the thermal effects of ultrasound
(Nussbaum, 1998) however this area lacks up-to-date data. When the
temperatures of tissues are increased, it is thought that hyperaemia will occur,
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initiating a therapeutic benefit for wound in a chronic inflammatory state (Dyson
& Suckling 1978). This correlates with a study conducted by Petrofsky et al.
(2010) who found that there was a 28.6% decrease in the wound area and a
blood flow increase of 23.4% after four weeks of electrical stimulation and heat
treatment. They believed that when the foot temperature increased to 37°C,
there is an increase in blood flow and therefore improvement in healing
(Petrofsky et al., 2010).
Another factor contributing to increase healing rates in the experimental group
may be associated with effect of CUSECS on biofilms. Biofilms have been
identified in 60-80% of wounds and are known to contribute to reduce healing in
chronic wounds such as DFUs (Dowd et al., 2008, Schierle et al., 2009, Malone
et al., 2017). The complex ecosystem of biofilms reduces the effects of natural
defences and antimicrobial agents against infection, forcing a wound in to a
chronic inflammatory state (Costerton et al., 1999, Costerton et al., 2003,
Schultz et al., 2018). Evidence from research has found that a wound care
regimen involving the debridement of slough and devitalised tissue is a critical
element to disturb a biofilm (Wolcott and Ehrlich, 2008, Wolcott and Rhoads,
2008, Bianchi et al., 2016, Lavery et al., 2016). A recent study conducted by
Ashrafi et al. (2018) found a significant reduction in bacterial viability and
metabolic activity in vitro and in human cutaneous wound biofilm models when
treated with electrostimulation treatment. Thus, indicating that electrostimulation
treatment is a possible antimicrobial management of biofilms. However, it is
important to note that electrostimulation was not as effective when compared to
the antibiotic, ciprofloxacin in reducing biofilms (Ashrafi et al., 2018).
In our study the experimental group had higher healing rates than the control
group. This might be due to the effect of electrostimulation on disturbing the
biofilm in these chronic DFUs. However, it is important to note that participants
in the experimental group attended the trial one extra day a week. Along with
receiving CUSECS therapy, they also were provided with one extra wound
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debridement, when compared with the control group. Due to it not being feasible
to have the control group using a sham device, it therefore is not fully clear from
the study if electrostimulation or debridement caused a reduction in biofilm, thus
contributing to the increase in healing rates.
Participant’s lifestyle habits were not documented in this study however they
may have had an effect on wound healing rates. Smoking cigarettes has found
to have a significant impact on wound healing, by reducing perfusion to the
lower limbs leading to tissue hypoxia (Freiman et al., 2004, McDaniel and
Browning, 2014). Along with this, it puts an individual at higher risk of infection,
wound breakdown and decrease in wound tenisle strength (Whiteford, 2003,
Guo and DiPietro, 2010). A study carried out by Kalani et al. (1999) found that
the majority of participants who presented with chronic non healing DFUs were
either smokers or ex-smokers (62%). The vasoconstriction caused by smoking
could have influenced the healing rates in our study. In addition to smoking, the
adherence to maintaining HBA1c levels at the recommended guideline can
benefit wound healing. Christman et al. (2011) found that an increase in HbA1c
levels by 1% can decrease the wound area healing rate by 0.028 cm2 /day. This
may also have had an impact on wound healing in the present study.
Along with lifestyle habits, the vascular status of the participants may have
affected healing rates in this study however they were not quantified. Although
patients were excluded if they had an active, or suspected DVT or
thrombophlebitis, active bleeding tissue, or untreated haemorrhagic conditions,
or any vascular procedures performed within thirty days of screening visit, the
possibility of reduced healing rates due to arterial disease cannot be ruled out.
In the Eurodiale study, Promper (2008) found that participants with peripheral
arterial disease had poorer healing rates that those without peripheral arterial
disease (69% vs 84%) (Prompers, 2008). Avrahami et al. (2015) took this in to
consideration in their clinical case series. Their study tested the effect of
CUSECS on the healing rates of twenty-six DFUs however, to eliminate those
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with ischaemia, participants were excluded if they had an ABPI of less than 0.05
(Avrahami et al., 2015). It is known that ABPI results can be unreliable when
recorded in those diagnosed with diabetes due the presence of medial
calcinosis in the arteries in the lower limb (Aerden et al., 2011). Instead toe
brachial pressure index (TBPI) can provide more realistic results as the digital
vessels tend not to be affected by calcification (Huang et al., 2017). Therefore,
knowledge of vascular status via TBPI could have further enhanced our
understanding of healing rates within this group of participants. In our study the
above variables were not standardised. Although in doing so would have
provided a further in-depth analysis on the effectiveness of CUSECS, this study
instead wanted to represent relatable patients with DFU in a true clinical setting.
5.4 Adverse events
During the trial one patient was excluded for developing a diabetic foot infection.
He resulted in receiving administration of intravenous antibiotics with the end
result of having an amputation. This did not appear to be connected with the
CUSECS as the DFU had improved by 71%. The participant had mentioned
having increased weight-bearing activity in his removable cast walker which
may have contributed to the development of the diabetic foot infection.
However, it is important to note that this correlation is only the author’s own
speculations. One patient in the control group was treated with oral antibiotic for
minor soft tissue infection for seven days. This patient was not excluded as the
infection cleared within less than a two-week period. No direct adverse events to
the CUSECS were reported throughout the study.
5.5 Strengths and Limitations
This study has many strengths and limitations. Currently there are no published
RCTs examining the effect of CUSECS on healing DFUs on any database.
Therefore, this study is the first of its type. The methodology used for this study
was effective in gathering information required and reducing bias. Bias was
reduced through participants randomised through sequential randomisation. It
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was not feasible for this study to be conducted with a sham device and therefore
both participants and the investigator were not blinded. However, the researcher
could not influence the wound size results as they were measured on a BRH-A2
database were checked by the research supervisor to ensure accuracy was
maintained.
A number of limitations also exist in this study. Firstly, the sample size was
much smaller than anticipated and therefore the results must be interpreted with
caution. The study recruited participants from two hospitals. One hospital only
had a clinic once every fortnight at which the investigator missed one, thus
resulting in loss of potential participants. Despite the sample size being small,
this study was a pilot study and it offers an insight in to this area of adjunctive
therapy and builds on previous case study carried out by Avrahami et al. (2015),
Toscanella et al. (2016), O'Connor et al. (2017) and Rosenblum et al. (2017)
The strict inclusion/exclusion criteria set which only included ulcers that were
present for 60-365 days and showed no sign of healing in thirty days was a
major limitation. This removed those with slow healing wounds which may have
benefited from an adjunctive therapy. Additionally, the period of time set for
conducting the research study was a limitation. A longer time span would have
increased the possibility for more participants to be recruited to the study.
5.6 Recommendations for further research/enquiry
The researcher believes that a larger longitudinal study would provide more
evidence on the effectiveness of CUSECS. A greater cohort would also enable
a further investigation in to the economic analysis of DFU. It would enable the
use of a health economic model such as the Markov model approach to predict
probabilities of transition of DFU health states. Further to this, a RCT conducted
with a sham device would reduce bias and increase the reliability of the findings.
The researcher also would recommend the use of disease specific
questionnaires to provide a more accurate representation of patients’ QOL and
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self-efficacy. Lastly the author would suggest that amount of patient’s weightbearing to be quantified via a stepometer to assess its effect of wound healing
and to evaluate patient’s compliance.
5.7 Dissemination of study findings
The researcher will disseminate the study’s findings through poster
presentations at national and international wound care conferences. The
researcher will also lodge a copy of the completed dissertation with the library of
RCSI for the benefit of the podiatry and nursing profession involved in wound
healing. There is no other published RCT on this area and the researcher hopes
to publish this research in a journal.
5.8 Reflection
The researcher found the process of undertaking this research study an
invaluable experience which was confidence building, rewarding and fulfilling on
an academic and on a personal level. The researcher learned that despite the
many challenges presented throughout the research process, these challenges
can be surmounted and lead to a satisfactory outcome. Such challenges
experienced in this study include failure to recruit a desired sample size, the
ethical approval process and combining schedules of clinicians and patients
with the investigator. However, the continuous support and guidance provide by
the researcher’s supervisors and clinical staff was invaluable and was the
essence to the accomplishment of this project. The researcher plans to
incorporate what has been learned through this research study in to her clinical
role and in the near future if given the opportunity, hopes to undertake another
study.
5.9 Summary
This chapter has reflected on the study’s findings exploring the strengths and
limitations of the study and recommendations for further research. In carrying
out this study the researcher assessed the significant impact that a chronic DFU
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can have on the different aspects of the biopsychosocial model. Along with this
it provided further evidence-based research which can be used for future
research and in which clinicians can take in to consideration in practice
Despite the presented confounding factors within this study, the wound sizes
greatly improved in the experimental group when compared to the control group
and the analysis of the healing trajectory between both groups emphasised the
complexity of the healing process of chronic DFUs. This study found mental
health scores to improve and physical health scores decrease in wounds which
portrayed an increase in healing rates. Thus, adding to the body of evidence
supporting the importance of viewing the burden of a DFU from a patient
perspective and not solely from a clinical point of view (Schaper, 2012).
Interestingly self-efficacy scores in the present study were within the range of
the general population. Despite this, the study still supports that ensuring that
patients are provided with foot care education and taught self-care activities,
can increase patient’s foot care confidence with the hope of reducing foot
complications (Wendling and Beadle, 2015).
There was no significant difference found in ankle dorsiflexion movements
between groups and the presence of diabetic peripheral neuropathy prevented a
true analysis of the effect of CUSECS on wound pain. However, the study was
consistent in providing more data to the growing body of evidence highlighting
the major costs of care and resource utilisation connected with DFU treatment.
Experimental group direct costings on the healthcare system were higher due to
the addition of the CUSECS therapy however, healing rate was quicker which
could be extrapolated to cost reductions over time.

5.10 Conclusion
The current research study is the first randomised control trial aiming to
establish if CUSECS improves healing rates of chronic DFUs when compared to
standard wound care. The specific objectives were; to compare the wound
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healing percentage rate between the control and experimental group and to
assess QOL, self-efficacy, wound pain, ankle dorsiflexion, economic cost and
DFU reoccurrence rates between those in the control group and in the
experimental group.
The management of DFUs globally continues to be a major therapeutic
challenge for the health service and for patients (IDF, 2017). While it was clear
from the literature review that there has been large developments in advanced
wound care therapies and continuing introduction of new wound care treatments
for chronic DFUs, the effectiveness, efficacy and adverse effects of many have
not been tested through large controlled or comparative studies (O’Meara et al.,
2001, Eldor et al., 2004, Greer et al., 2013)
As clinicians and researchers, it is imperative to understand patients QOL, selfefficacy and wound pain in order to encompass a holistic care of each patient.
Failure to do this will run of the risk of disempowering patients and impeded the
development of effective treatments. Although this study had a low sample size
and lacked significance in its findings, it highlighted the negative impact chronic
stagnant DFUs can have on a patient’s QOL. The study also revealed the
extensive cost associated with treating DFUs from a healthcare and patient
perspective.
Overall, this study’s results suggest that CUSECS is a useful adjunctive therapy
for treatment of chronic DFUs and offers promise as a treatment. The findings of
this study aim to promote awareness among clinicians and researchers on the
use of an adjunctive treatment for chronic DFUs and its associated impact from
a healthcare and patient perspective. It provides researchers with an insight into
the recruitment and retention of participant for future research. The researcher
believes that further large-scale longitudinal studies are needed to ascertain the
effectiveness of CUSECS.
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CASE REPORT FORM
Version: 20/02/2018

PROTOCOL NUMBER: NCT03458286

A pilot randomised control trial to measure the effectiveness of
combined modulated ultrasound and electric current stimulation
in treating diabetic foot ulcers

Participant Study Number:
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PARTICIPANT INFORMATION

Participant study

number:

Participant
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Study Site
(Health Centre
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____________________________________________
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*Patient must meet all
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D
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D

D

184

M

M

Y

Y

MEDICAL HISTORY

Participant study number:

- Make multiple copies of this page if required
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Participant study number:
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und
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Infection detected during the trial:
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Date trial
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*Note: Active treatment will resume once the infection has been resolved. If
infection is present for more than 2 weeks, the subject will be discontinued from
the study.

187

Documentation Log
Form
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Patient information
leaflet
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Consent form
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2 (°)
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3 (°)

Direct and Indirect Cost Log

Participant study number:

Direct cost: Consumables
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Instruments
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Patient working
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Participant study number:
Date started

D

D

M

M

Y

Date stopped

Y

Y

Y

D

D

M

M

Y

Y

Ongoing?

Y

Y

Yes

Indication

___________

No

___________

______

____
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Dose Units1
1 - g (gram)
2 - mg (milligram)
3 - µg (microgram)
4 - L (liter)
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6 - IU (International Unit)
7 – Other

Schedule (frequency)2
1 - QD (once a day)
7 - QOM (every other mo)
2 - BID (twice a day)
8 - QH (every hour)
3 - TID (three times a day)
9 - AC (before meals)
4 - QID (four times a day)
10 - PC (after meals)
5 - QOD (every other day)
11 - PRN (as needed)
6 - QM (every month)
12 - Other
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1 - Tablet
2 - Capsule
3 - Ointment
4 - Suppository
5 - Aerosol
6 - Spray
7 - Suspension
8 - Patch

Dose Form3
9 - Gas
10 - Gel
11 - Cream
12 - Powder
13 - Implant
14 - Chewable
15 - Liquid
99 - Other

Route of Administration4
1 - Oral
8 - Inhalation
2 - Topical
9 - Intravenous
3 - Subcutaneous
10 - Intraperitoneal
4 - Intradermal
11 - Nasal
5 - Transdermal
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7 - Intramuscular
14 - Other

Date of
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Attribution5

Action
Taken4
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Treatment3
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Severity/
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Participant study number:

Outcome1
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Adverse Event Start End
# Reported Description
Date Date

Ongoing
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Adverse Event Tracking Log

# - AE number. “1” indicates the first adverse event documented on the form, 2 = the second, etc. If the adverse event changes in severity, enter it as a separate adverse
event row on the paper form using the same AE number as the one that ended.

Outcome1
0 – Fatal
1 – Not recovered/not resolved
2 – Recovered w/sequelae
3 – Recovered w/o sequelae
4 – Recovering/Resolving

Severity/Grade2
1 – Mild

AE Treatment3
0 – None

2 – Moderate
3 – Severe

1 – Medication(s)
2 – Non-medication TX
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Action Taken4
with Study Intervention
0 – None
1 – Interrupted
2 – Discontinued
3 – Dose reduced
4 – Dose increased
5 – Not Applicable

Attribution/
Relatedness to study
device5
0 – Definite
1 – Probable
2 – Possible
3 – Remote
4 – Not Related

Serious Adverse Event Tracking Log

Outcome

Attribution

Event
End
Date

Unexpected
(Y or N)

AE Category*

Event
Start
Date

Date Site
Became
Aware of
Event
(Reported
Date)

Grade

SAE Description

SAE
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SAE
Number

Participant study number:

SAE Classification

Grade

Attribution

Outcome

1 - Fatal (resulted in death)
2 - A life-threatening occurrence

1 - Mild
2 - Moderate

0 ±Definite
1 ±Probable

3 - Requires inpatient hospitalization or prolongation of existing hospitalization

3 - Severe

2 ±Possible

4 - Results in persistent or significant disability/incapacity

4 - Life
Threatening
5 ±Death
(Fatal)

3 ±Unlikely

0 ±Fatal
1 ±Not recovered/not
resolved
2 ±Recovered
w/sequelae
3 ±Recovered w/o
sequelae
4 ±Recovering/Resolving

5 - Results in congenital anomaly/birth defect
6 - A significant medical incident that, based upon appropriate medical judgment,
may jeopardize the subject and require medical or surgical intervention to prevent
one of the outcomes listed above.
7 - Loss of confidentiality that results in criminal or civil liability for participation or
damage to financial standing, employability, insurability or reputation of the
participant
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4 ±Unrelated

Contact

Participant study number:

Telephone contact
Tim
e

Date of Contact Attempt
Conta
ct
Attem
pt #1

Contact
Occurr
ed

D D M M Y Y Y Y

No answer
Left Voice
message
Left Message
AM

Yes
No

PM
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ct
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pt #2

Outcome

D D M M Y Y Y Y

w/_____________
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Line Busy
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No answer
Left Voice
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Yes
No

PM
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___
Line Busy
Other:
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Documented contact
Date of Contact Attempt
Documented
attempt

D D M M Y Y Y Y
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Time

Type of documented
contact

Letter
Email
AM
Other:
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FINAL STUDY OUTCOME

Participant

study number:

Subject has completed the
study?

Completion
date :

If NOT completed specify last follow-up
date:

D
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M

M

Y
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M

M

Y
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Y
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completed:

Significant non-compliance

(Tick only one
box)

Treatment failure

Drug-related AE

Consent withdrawn
Lost to follow-up
Other (specify)
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Investigator's Statement: I have reviewed the data recorded in this
CRF and confirm that the data are complete and accurate
Investigator (Full name):
_________________________________________
Investigator Signed?
Signature Date:

D

D

M

M

Y

195

Y

Y

Y

Appendix Three: Patient information leaflet

196

Version 001 Date 30/04/18
3.1 General Patient Information Sheet
Hospital: Hospital 1
Department: Diabetic foot clinic
Study title: A pilot randomised control trial to measure the effectiveness of
combined modulated ultrasound and electric current stimulation
in treating diabetic foot ulcers.
Name of principal investigator:

Endocrinologist 1

What is the purpose of the study?
When a diabetic foot ulcer or wound occurs it is often very difficult to heal. It is
important to promote wound healing in every way when there is an ulcer
present. The BRH-A2 is a non-invasive device which aims to promote wound
healing through the use of ultrasound and electrical stimulation.
We are investigating to see if the BRH-A2 device improves wound healing.
The research will involve participants being randomly divided into two groups.
One group will be treated with the BRH-A2 device twice a week while the
second group will attend clinic once a week for normal treatment for their
diabetic foot ulcer by their podiatrist. We will compare wound healing rates in
both groups.
Why have I been chosen to partake in this study?
We are inviting all people who have diabetes and attend the Diabetic foot clinic
with foot wounds or foot ulcers to take part in this research.
What will happen if I volunteer to participate?
We will inform your endocrinology consultant (consultant for your diabetes)
that you are participating in this study. The research takes place over a
maximum of 8 weeks
You will be randomly assigned into either a experimental group or a control
group. What is involved in each group will be explained below:
The experimental group:
x It will be necessary for you to come to the Diabetic foot clinic twice a
week for 8 weeks.
x You will come to the clinic as normal, the dressings will be removed
from your ulcer by the podiatrist and if necessary your ulcer will be
debrided.
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x You will then be treated with the BRH-A2 device. This is a 15-minute
treatment where an ultrasound probe and electrodes are attached
around your wound.
x After this treatment, the podiatrist in the clinic will dress your ulcer as
normal.
x Once a week when you are coming for treatment your ulcer will be
measured and a photograph of just the ulcer will be taken to record its
healing.

The Control group:
x It will be necessary for you to come to the Diabetic foot clinic once a
week for 8 weeks
x You will come to the clinic as normal, the dressings will be removed
from your ulcer by the podiatrist and if necessary your ulcer will be
debrided.
x Your ulcer will be measured and a photograph of just the ulcer will be
taken to record its healing.
x Your ulcer will be dressed with dressings as normal.
In both groups if you volunteer to part take in this study, we will also:
x Ask you if you’re getting any pain from your foot ulcer.
x Measure how much movement you have in your ankle at the start and
at the end of this study
x Ask you to fill out two short questionnaires at the start and at the end of
the study to see has your diabetic foot ulcer affected your quality of life.
After the study is finished you will continue your care as normal in the clinic if
you still need it.
Four weeks after you have finished the trial we will ask you to come back to
the Diabetic foot clinic so we can photograph, measure and assess your
wound to see how it is healing if it is still there.
Are there any risks involved in participating?
For those who are randomly selected to the experimental group, it is possible
that you may experience some mild discomfort or twitching sensation while
undergoing the electro-stimulation part of the BRH-A2 treatment. You may
also feel warmth when the ultrasound part of the treatment is being performed.
A member of staff will be there at all times to answer your questions or
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discontinue the treatment should you choose to do so. There are no known
side effects of this treatment.
Are there any benefits involved in participating?
If you participate in this research and allowing us to observe and measure your
diabetic foot ulcer, you will help the researches to see if the BRH-A2 Wound
Healing Device improves wound healing time.
All visits to the foot clinic will also be provided free of charge. You will not be
given any other money or gifts to take part in this research.
What happens if I do not agree to participate?
If you don’t agree to participate in this study, it will not affect the treatment of
your foot ulcer. You will continue to receive your normal treatment by your
podiatrist.
Will my participation or withdrawal have any impact on my routine care?
You do not have to take part in this research if you do not wish to do so and
refusing to participate will not affect your treatment at this clinic in any way.
You will still have all the benefits that you would otherwise have at this clinic.
You may stop participating in the research at any time that you wish without
losing any of your rights as a patient here. Your treatment at this clinic will not
be affected in any way.
You can ask me or your podiatrist any more questions about any part of the
research study and discuss them with us before you sign the consent form.
Will my participation be confidential?
The information that we collect from this research project will be kept
confidential. Information about you that will be collected during the research
will be put away and no-one, but the researchers (Caoimhe Joyce Hearne Tom
O’ Connor & Declan Patton) will be able to see it. All information will be
examined in the Royal College of Surgeons of Ireland (RCSI) by the
researchers. Any information about you will have a number on it instead of
your name. Only the researchers will know what your number is, and we will
lock that information up with a lock and key. It will not be shared with or given
to anyone without your permission.
Sharing the Results
The knowledge that we get from doing this research will be shared with you
through community meetings before it is made widely available to the public.
Confidential information will never be shared. After these meetings, we will
publish the results in order that other interested people may learn from our
research. The choice to consent or not consent to the photograph of your
wound being visually present in the study’s research paper should these
findings be published is your decision.
199

We hope to publish the results in order that other interested people may learn
from our research.
Indemnity
Your podiatrist and researchers are insured by Indemnity Insurance for RCSI.
Your doctors and podiatrist are insured by the State Claims Insurance Service.
Who is organising and funding this research?
This research is being organised by the Royal College of Surgeons in Ireland
and funded by Jagmed Limited, the company that make the BRH-A2 Wound
Healing Device.
Has this study reviewed by an ethics committee?
Yes
Contact details
Name:

Caoimhe Joyce Hearne

Address:

School of Nursing, 123 St. Stephen's Green, Royal College of
Surgeons in Ireland, Dublin 2

Phone:

0876631977

Email address:

caoimhejoycehearne@rcsi.ie

As this is a clinical trial we will ask you to sign a consent form. This is so that
you and hospital know that you have agreed to take part in the trial. It also
gives you the chance to ask any questions you would like.
Please don’t sign the form until you are you sure you are happy to take part.
If you would like to change your mind you can do so at any time. If you have
any questions, please ask any member of our team or contact
Thank you for taking the time to read this information sheet.
Yours Sincerely

Caoimhe Joyce Hearne
Researcher at RCSI
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Version 002 Date 30/04/18
3.2 General Patient Information Sheet
Hospital: Hospital 2
Department: Diabetic foot clinic
Study title: A pilot randomised control trial to measure the effectiveness of
combined modulated ultrasound and electric current stimulation
in treating diabetic foot ulcers.
Name of principal investigator:

Endocrinologist 2

What is the purpose of the study?
When a diabetic foot ulcer or wound occurs it is often very difficult to heal. It is
important to promote wound healing in every way when there is an ulcer
present. The BRH-A2 is a non-invasive device which aims to promote wound
healing through the use of ultrasound and electrical stimulation.
We are investigating to see if the BRH-A2 device improves wound healing.
The research will involve participants being randomly divided into two groups.
One group will be treated with the BRH-A2 device twice a week while the
second group will attend clinic once a week for normal treatment for their
diabetic foot ulcer by their podiatrist. We will compare wound healing rates in
both groups.
Why have I been chosen to partake in this study?
We are inviting all people who have diabetes and attend the Diabetic foot clinic
with foot wounds or foot ulcers to take part in this research.
What will happen if I volunteer to participate?
We will inform your endocrinology consultant (consultant for your diabetes)
that you are participating in this study. The research takes place over a
maximum of 8 weeks
You will be randomly assigned into either a experimental group or a control
group. What is involved in each group will be explained below:
The experimental group:
x It will be necessary for you to come to the Diabetic foot clinic twice a
week for 8 weeks.
x You will come to the clinic as normal, the dressings will be removed
from your ulcer by the podiatrist and if necessary your ulcer will be
debrided.
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x You will then be treated with the BRH-A2 device. This is a 15-minute
treatment where an ultrasound probe and electrodes are attached
around your wound.
x After this treatment, the podiatrist in the clinic will dress your ulcer as
normal.
x Once a week when you are coming for treatment your ulcer will be
measured and a photograph of just the ulcer will be taken to record its
healing.

The Control group:
x It will be necessary for you to come to the Diabetic foot clinic once a
week for 8 weeks
x You will come to the clinic as normal, the dressings will be removed
from your ulcer by the podiatrist and if necessary your ulcer will be
debrided.
x Your ulcer will be measured and a photograph of just the ulcer will be
taken to record its healing.
x Your ulcer will be dressed with dressings as normal.
In both groups if you volunteer to part take in this study, we will also:
x Ask you if you’re getting any pain from your foot ulcer.
x Measure how much movement you have in your ankle at the start and
at the end of this study
x Ask you to fill out two short questionnaires at the start and at the end of
the study to see has your diabetic foot ulcer affected your quality of life.
After the study is finished you will continue your care as normal in the clinic if
you still need it.
Four weeks after you have finished the trial we will ask you to come back to
the Diabetic foot clinic so we can photograph, measure and assess your
wound to see how it is healing if it is still there.
Are there any risks involved in participating?
For those who are randomly selected to the experimental group, it is possible
that you may experience some mild discomfort or twitching sensation while
undergoing the electro-stimulation part of the BRH-A2 treatment. You may
also feel warmth when the ultrasound part of the treatment is being performed.
A member of staff will be there at all times to answer your questions or
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discontinue the treatment should you choose to do so. There are no known
side effects of this treatment.
Are there any benefits involved in participating?
If you participate in this research and allowing us to observe and measure your
diabetic foot ulcer, you will help the researches to see if the BRH-A2 Wound
Healing Device improves wound healing time.
All visits to the foot clinic will also be provided free of charge. You will not be
given any other money or gifts to take part in this research.
What happens if I do not agree to participate?
If you don’t agree to participate in this study, it will not affect the treatment of
your foot ulcer. You will continue to receive your normal treatment by your
podiatrist.
Will my participation or withdrawal have any impact on my routine care?
You do not have to take part in this research if you do not wish to do so and
refusing to participate will not affect your treatment at this clinic in any way.
You will still have all the benefits that you would otherwise have at this clinic.
You may stop participating in the research at any time that you wish without
losing any of your rights as a patient here. Your treatment at this clinic will not
be affected in any way.
You can ask me or your podiatrist any more questions about any part of the
research study and discuss them with us before you sign the consent form.
Will my participation be confidential?
The information that we collect from this research project will be kept
confidential. Information about you that will be collected during the research
will be put away and no-one, but the researchers (Caoimhe Joyce Hearne Tom
O’ Connor & Declan Patton) will be able to see it. All information will be
examined in the Royal College of Surgeons of Ireland (RCSI) by the
researchers. Any information about you will have a number on it instead of
your name. Only the researchers will know what your number is, and we will
lock that information up with a lock and key. It will not be shared with or given
to anyone without your permission.
Sharing the Results
The knowledge that we get from doing this research will be shared with you
through community meetings before it is made widely available to the public.
Confidential information will never be shared. After these meetings, we will
publish the results in order that other interested people may learn from our
research. The choice to consent or not consent to the photograph of your
wound being visually present in the study’s research paper should these
findings be published is your decision.
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We hope to publish the results in order that other interested people may learn
from our research.
Indemnity
Your podiatrist and researchers are insured by Indemnity Insurance for RCSI.
Your doctors and podiatrist are insured by the State Claims Insurance Service.
Who is organising and funding this research?
This research is being organised by the Royal College of Surgeons in Ireland
and funded by Jagmed Limited, the company that make the BRH-A2 Wound
Healing Device.
Has this study reviewed by an ethics committee?
Yes
Contact details
Name:

Caoimhe Joyce Hearne

Address:

School of Nursing, 123 St. Stephen's Green, Royal College of
Surgeons in Ireland, Dublin 2

Phone:

0876631977

Email address:

caoimhejoycehearne@rcsi.ie

As this is a clinical trial we will ask you to sign a consent form. This is so that
you and hospital know that you have agreed to take part in the trial. It also
gives you the chance to ask any questions you would like.
Please don’t sign the form until you are you sure you are happy to take part.
If you would like to change your mind you can do so at any time. If you have
any questions, please ask any member of our team or contact
Thank you for taking the time to read this information sheet.
Yours Sincerely

Caoimhe Joyce Hearne
Researcher at RCSI
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3.3 Patient Information Sheet for Control Group
Hospital: Hospital 1
Department: Diabetic foot clinic
Study title: A pilot randomised control trial to measure the effectiveness of
combined modulated ultrasound and electric current stimulation
in treating diabetic foot ulcers.
Name of principal investigator:

Endocrinologist 1

What is the purpose of the study?
When a diabetic foot ulcer or wound occurs it is often very difficult to heal. It is
important to promote wound healing in every way when there is an ulcer
present. The BRH-A2 is a non-invasive device which aims to promote wound
healing through the use of ultrasound and electrical stimulation.
We are investigating to see if the BRH-A2 device improves wound healing.
The research will involve participants being randomly divided into two groups.
One group will be treated with the BRH-A2 device twice a week while the
second group will attend clinic once a week for normal treatment for their
diabetic foot ulcer by their podiatrist. We will compare wound healing rates in
both groups.
Why have I been chosen to partake in this study?
We are inviting all people who have diabetes and attend the Diabetic foot clinic
with foot wounds or foot ulcers to take part in this research.
What will happen if I volunteer to participate?
We will inform your endocrinology consultant (consultant for your diabetes)
that you are participating in this study.
The research takes place over a maximum of 8 weeks. During that time, it will
be necessary for you to come to the Diabetic foot clinic once a week.
You will come to the clinic as normal, the dressings will be removed from your
ulcer by the podiatrist and if necessary your ulcer will be debrided.
Your ulcer will be measured and a photograph of just the ulcer will be taken to
record its healing. Your ulcer will be dressed with dressings as normal.
If you volunteer to part take in this study, we will also:
x Ask you if you’re getting any pain from your foot ulcer.
x Measure how much movement you have in your ankle at the start and
at the end of this study
205

x Ask you to fill out two short questionnaires at the start and at the end of
the study to see has your diabetic foot ulcer affected your quality of life.
After the study is finished you will continue your care as normal in the clinic if
you still need it.
Four weeks after you have finished the trial we will ask you to come back to
the Diabetic foot clinic so we can photograph, measure and assess your
wound to see how it is healing if it is still there.
Are there any risks involved in participating?
No, you will be receiving your normal treatment for your diabetic foot ulcer.
Are there any benefits involved in participating?
If you participate in this research and allowing us to observe and measure your
diabetic foot ulcer, you will help the researches to see if the BRH-A2 Wound
Healing Device improves wound healing time.
All visits to the foot clinic will also be provided free of charge. You will not be
given any other money or gifts to take part in this research.
What happens if I do not agree to participate?
If you don’t agree to participate in this study, it will not affect the treatment of
your foot ulcer. You will continue to receive your normal treatment by your
podiatrist.
Will my participation or withdrawal have any impact on my routine care?
You do not have to take part in this research if you do not wish to do so and
refusing to participate will not affect your treatment at this clinic in any way.
You will still have all the benefits that you would otherwise have at this clinic.
You may stop participating in the research at any time that you wish without
losing any of your rights as a patient here. Your treatment at this clinic will not
be affected in any way.
You can ask me or your podiatrist any more questions about any part of the
research study and discuss them with us before you sign the consent form.
Will my participation be confidential?
The information that we collect from this research project will be kept
confidential. Information about you that will be collected during the research
will be put away and no-one, but the researchers (Caoimhe Joyce Hearne Tom
O’ Connor & Declan Patton) will be able to see it. All information will be
examined in the Royal College of Surgeons of Ireland (RCSI) by the
researchers. Any information about you will have a number on it instead of
your name. Only the researchers will know what your number is, and we will
lock that information up with a lock and key. It will not be shared with or given
to anyone without your permission.
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Sharing the Results
The knowledge that we get from doing this research will be shared with you
through community meetings before it is made widely available to the public.
Confidential information will never be shared. After these meetings, we will
publish the results in order that other interested people may learn from our
research. The choice to consent or not consent to the photograph of your
wound being visually present in the study’s research paper should these
findings be published is your decision.
We hope to publish the results in order that other interested people may learn
from our research.
Indemnity
Your podiatrist and researchers are insured by Indemnity Insurance for RCSI.
Your doctors and podiatrist are insured by the State Claims Insurance Service.
Who is organising and funding this research?
This research is being organised by the Royal College of Surgeons in Ireland
and funded by Jagmed Limited, the company that make the BRH-A2 Wound
Healing Device.
Has this study reviewed by an ethics committee?
Yes
Contact details
Name:

Caoimhe Joyce Hearne

Address:

School of Nursing, 123 St. Stephen's Green, Royal College of
Surgeons in Ireland, Dublin 2

Phone:

0876631977

Email address:

caoimhejoycehearne@rcsi.ie

As this is a clinical trial we will ask you to sign a consent form. This is so that
you and hospital know that you have agreed to take part in the trial. It also
gives you the chance to ask any questions you would like.
Please don’t sign the form until you are you sure you are happy to take part.
If you would like to change your mind you can do so at any time. If you have
any questions, please ask any member of our team or contact
Thank you for taking the time to read this information sheet.
Yours Sincerely

Caoimhe Joyce Hearne
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3.4 Patient Information Sheet for Control Group
Hospital: Hospital 2
Department: Diabetic foot clinic
Study title: A pilot randomised control trial to measure the effectiveness of
combined modulated ultrasound and electric current stimulation
in treating diabetic foot ulcers.
Name of principal investigator:

Endocrinologist 2

What is the purpose of the study?
When a diabetic foot ulcer or wound occurs it is often very difficult to heal. It is
important to promote wound healing in every way when there is an ulcer
present. The BRH-A2 is a non-invasive device which aims to promote wound
healing through the use of ultrasound and electrical stimulation.
We are investigating to see if the BRH-A2 device improves wound healing.
The research will involve participants being randomly divided into two groups.
One group will be treated with the BRH-A2 device twice a week while the
second group will attend clinic once a week for normal treatment for their
diabetic foot ulcer by their podiatrist. We will compare wound healing rates in
both groups.
Why have I been chosen to partake in this study?
We are inviting all people who have diabetes and attend the Diabetic foot clinic
with foot wounds or foot ulcers to take part in this research.
What will happen if I volunteer to participate?
We will inform your endocrinology consultant (consultant for your diabetes)
that you are participating in this study.
The research takes place over a maximum of 8 weeks. During that time, it will
be necessary for you to come to the Diabetic foot clinic once a week.
You will come to the clinic as normal, the dressings will be removed from your
ulcer by the podiatrist and if necessary your ulcer will be debrided.
Your ulcer will be measured and a photograph of just the ulcer will be taken to
record its healing. Your ulcer will be dressed with dressings as normal.
If you volunteer to part take in this study, we will also:
x Ask you if you’re getting any pain from your foot ulcer.
x Measure how much movement you have in your ankle at the start and
at the end of this study
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x Ask you to fill out two short questionnaires at the start and at the end of
the study to see has your diabetic foot ulcer affected your quality of life.
After the study is finished you will continue your care as normal in the clinic if
you still need it.
Four weeks after you have finished the trial we will ask you to come back to
the Diabetic foot clinic so we can photograph, measure and assess your
wound to see how it is healing if it is still there.
Are there any risks involved in participating?
No, you will be receiving your normal treatment for your diabetic foot ulcer.
Are there any benefits involved in participating?
If you participate in this research and allowing us to observe and measure your
diabetic foot ulcer, you will help the researches to see if the BRH-A2 Wound
Healing Device improves wound healing time.
All visits to the foot clinic will also be provided free of charge. You will not be
given any other money or gifts to take part in this research.
What happens if I do not agree to participate?
If you don’t agree to participate in this study, it will not affect the treatment of
your foot ulcer. You will continue to receive your normal treatment by your
podiatrist.
Will my participation or withdrawal have any impact on my routine care?
You do not have to take part in this research if you do not wish to do so and
refusing to participate will not affect your treatment at this clinic in any way.
You will still have all the benefits that you would otherwise have at this clinic.
You may stop participating in the research at any time that you wish without
losing any of your rights as a patient here. Your treatment at this clinic will not
be affected in any way.
You can ask me or your podiatrist any more questions about any part of the
research study and discuss them with us before you sign the consent form.
Will my participation be confidential?
The information that we collect from this research project will be kept
confidential. Information about you that will be collected during the research
will be put away and no-one, but the researchers (Caoimhe Joyce Hearne Tom
O’ Connor & Declan Patton) will be able to see it. All information will be
examined in the Royal College of Surgeons of Ireland (RCSI) by the
researchers. Any information about you will have a number on it instead of
your name. Only the researchers will know what your number is, and we will
lock that information up with a lock and key. It will not be shared with or given
to anyone without your permission.
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Sharing the Results
The knowledge that we get from doing this research will be shared with you
through community meetings before it is made widely available to the public.
Confidential information will never be shared. After these meetings, we will
publish the results in order that other interested people may learn from our
research. The choice to consent or not consent to the photograph of your
wound being visually present in the study’s research paper should these
findings be published is your decision.
We hope to publish the results in order that other interested people may learn
from our research.
Indemnity
Your podiatrist and researchers are insured by Indemnity Insurance for RCSI.
Your doctors and podiatrist are insured by the State Claims Insurance Service.
Who is organising and funding this research?
This research is being organised by the Royal College of Surgeons in Ireland
and funded by Jagmed Limited, the company that make the BRH-A2 Wound
Healing Device.
Has this study reviewed by an ethics committee?
Yes
Contact details
Name:

Caoimhe Joyce Hearne

Address:

School of Nursing, 123 St. Stephen's Green, Royal College of
Surgeons in Ireland, Dublin 2

Phone:

0876631977

Email address:

caoimhejoycehearne@rcsi.ie

As this is a clinical trial we will ask you to sign a consent form. This is so that
you and hospital know that you have agreed to take part in the trial. It also
gives you the chance to ask any questions you would like.
Please don’t sign the form until you are you sure you are happy to take part.
If you would like to change your mind you can do so at any time. If you have
any questions, please ask any member of our team or contact
Yours Sincerely

Caoimhe Joyce Hearne
Researcher at RCSI
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3.5 Patient Information Sheet for Experimental Group
Hospital: Hospital 1
Department: Diabetic foot clinic
Study title: A pilot randomised control trial to measure the effectiveness of
combined modulated ultrasound and electric current stimulation
in treating diabetic foot ulcers.
Name of principal investigator:

Endocrinologist 1

What is the purpose of the study?
When a diabetic foot ulcer or wound occurs it is often very difficult to heal. It is
important to promote wound healing in every way when there is an ulcer
present. The BRH-A2 is a non-invasive device which aims to promote wound
healing through the use of ultrasound and electrical stimulation.
We are investigating to see if the BRH-A2 device improves wound healing.
The research will involve participants being randomly divided into two groups.
One group will be treated with the BRH-A2 device twice a week while the
second group will attend clinic once a week for normal treatment for their
diabetic foot ulcer by their podiatrist. We will compare wound healing rates in
both groups.
How does BRH-A2 Wound Healing Device work?
x The device works by applying ultrasound waves and electrical
stimulation to your wound in order to help it to heal.
x Electrical stimulation copies the natural current of injury and will jump
start or make the wound healing process faster.
x Ultrasound increases blood flow to wounds. When the blood flow to a
wound is good it can help it to heal faster.
x By using electrical stimulation and ultrasound together it is hoped to
increase the chances of wound healing for people with chronic diabetic
foot wounds.
Why have I been chosen to partake in this study?
We are inviting all people who have diabetes and attend the Diabetic foot clinic
with foot wounds or foot ulcers to take part in this research.
What will happen if I volunteer to participate?
We will inform your endocrinology consultant (consultant for your diabetes)
that you are participating in this study.
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The research takes place over a maximum of 8 weeks. During that time, it will
be necessary for you to come to the Diabetic foot clinic twice a week.
You will come to the clinic as normal, the dressings will be removed from your
ulcer by the podiatrist and if necessary your ulcer will be debrided.
You will then be treated with the BRH-A2 device. This is a 15-minute treatment
where an ultrasound probe and electrodes are attached around your wound.
After this treatment, the podiatrist in the clinic will dress your ulcer as normal.
Once a week when you are coming for treatment your ulcer will be measured
and a photograph of just the ulcer will be taken to record it’s healing.
If you volunteer to part take in this study, we will also:
x Ask you if you’re getting any pain from your foot ulcer.
x Measure how much movement you have in your ankle at the start and
at the end of this study
x Ask you to fill out two short questionnaires at the start and at the end of
the study to see has your diabetic foot ulcer affected your quality of life.
After the study is finished you will continue your care as normal in the clinic if
you still need it.
Are there any risks involved in participating?
It is possible that you may experience some mild discomfort or twitching
sensation while undergoing the electro-stimulation part of the BRH-A2
treatment. You may also feel warmth when the ultrasound part of the treatment
is being performed. A member of staff will be there at all times to answer your
questions or discontinue the treatment should you choose to do so. There are
no known side effects of this treatment.

Are there any benefits involved in participating?
If you participate in this research, you will have the following benefits:
x The BRH-A2 treatment will be provided free of charge.
x All visits to the foot clinic will also be provided free of charge. You will
not be given any other money or gifts to take part in this research.
What happens if I do not agree to participate?
If you don’t agree to participate in this study, it will not affect the treatment of
your foot ulcer. You will continue to receive your normal treatment by your
podiatrist.
Will my participation or withdrawal have any impact on my routine care?
You do not have to take part in this research if you do not wish to do so and
refusing to participate will not affect your treatment at this clinic in any way.
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You will still have all the benefits that you would otherwise have at this clinic.
You may stop participating in the research at any time that you wish without
losing any of your rights as a patient here. Your treatment at this clinic will not
be affected in any way.
You can ask me or your podiatrist any more questions about any part of the
research study and discuss them with us before you sign the consent form.
Will my participation be confidential?
The information that we collect from this research project will be kept
confidential. Information about you that will be collected during the research
will be put away and no-one, but the researchers (Caoimhe Joyce Hearne Tom
O’ Connor & Declan Patton) will be able to see it. All information will be
examined in the Royal College of Surgeons of Ireland (RCSI) by the
researchers. Any information about you will have a number on it instead of
your name. Only the researchers will know what your number is, and we will
lock that information up with a lock and key. It will not be shared with or given
to anyone without your permission.
Sharing the Results
The knowledge that we get from doing this research will be shared with you
through community meetings before it is made widely available to the public.
Confidential information will never be shared. After these meetings, we will
publish the results in order that other interested people may learn from our
research. The choice to consent or not consent to the photograph of your
wound being visually present in the study’s research paper should these
findings be published is your decision.
We hope to publish the results in order that other interested people may learn
from our research.
Indemnity
Your podiatrist and researchers are insured by the Indemnity Insurance for
RCSI. Your doctors and podiatrist are insured by the State Claims Insurance
Service.
Who is organising and funding this research?
This research is being organised by the Royal College of Surgeons in Ireland
and funded by Jagmed Limited, the company that make the BRH-A2 Wound
Healing Device.
Has this study reviewed by an ethics committee?
Yes
Contact details
Name:

Caoimhe Joyce Hearne
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Address:

School of Nursing, 123 St. Stephen's Green, Royal College of
Surgeons in Ireland, Dublin 2

Phone:

0876631977

Email address:

caoimhejoycehearne@rcsi.ie

As this is a clinical trial and the BRH-A2 is not part of normal care we will ask
you to sign a consent form. This is so that you and hospital know that you have
agreed to take part in the trial. It also gives you the chance to ask any
questions you would like.
Please don’t sign the form until you are you sure you are happy to take part.
If you would like to change your mind you can do so at any time. If you have
any questions, please ask any member of our team or contact
Thank you for taking the time to read this information sheet.

Yours Sincerely

Caoimhe Joyce Hearne
Researcher at RCSI
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3.6 Patient Information Sheet for Experimental Group
Hospital: Hospital 2
Department: Diabetic foot clinic
Study title: A pilot randomised control trial to measure the effectiveness of
combined modulated ultrasound and electric current stimulation
in treating diabetic foot ulcers.
Name of principal investigator:

Endocrinologist 2

What is the purpose of the study?
When a diabetic foot ulcer or wound occurs it is often very difficult to heal. It is
important to promote wound healing in every way when there is an ulcer
present. The BRH-A2 is a non-invasive device which aims to promote wound
healing through the use of ultrasound and electrical stimulation.
We are investigating to see if the BRH-A2 device improves wound healing.
The research will involve participants being randomly divided into two groups.
One group will be treated with the BRH-A2 device twice a week while the
second group will attend clinic once a week for normal treatment for their
diabetic foot ulcer by their podiatrist. We will compare wound healing rates in
both groups.
How does BRH-A2 Wound Healing Device work?
x The device works by applying ultrasound waves and electrical
stimulation to your wound in order to help it to heal.
x Electrical stimulation copies the natural current of injury and will jump
start or make the wound healing process faster.
x Ultrasound increases blood flow to wounds. When the blood flow to a
wound is good it can help it to heal faster.
x By using electrical stimulation and ultrasound together it is hoped to
increase the chances of wound healing for people with chronic diabetic
foot wounds.
Why have I been chosen to partake in this study?
We are inviting all people who have diabetes and attend the Diabetic foot clinic
with foot wounds or foot ulcers to take part in this research.
What will happen if I volunteer to participate?
We will inform your endocrinology consultant (consultant for your diabetes)
that you are participating in this study.
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The research takes place over a maximum of 8 weeks. During that time, it will
be necessary for you to come to the Diabetic foot clinic twice a week.
You will come to the clinic as normal, the dressings will be removed from your
ulcer by the podiatrist and if necessary your ulcer will be debrided.
You will then be treated with the BRH-A2 device. This is a 15-minute treatment
where an ultrasound probe and electrodes are attached around your wound.
After this treatment, the podiatrist in the clinic will dress your ulcer as normal.
Once a week when you are coming for treatment your ulcer will be measured
and a photograph of just the ulcer will be taken to record it’s healing.
If you volunteer to part take in this study, we will also:
x Ask you if you’re getting any pain from your foot ulcer.
x Measure how much movement you have in your ankle at the start and
at the end of this study
x Ask you to fill out two short questionnaires at the start and at the end of
the study to see has your diabetic foot ulcer affected your quality of life.
After the study is finished you will continue your care as normal in the clinic if
you still need it.
Are there any risks involved in participating?
It is possible that you may experience some mild discomfort or twitching
sensation while undergoing the electro-stimulation part of the BRH-A2
treatment. You may also feel warmth when the ultrasound part of the treatment
is being performed. A member of staff will be there at all times to answer your
questions or discontinue the treatment should you choose to do so. There are
no known side effects of this treatment.

Are there any benefits involved in participating?
If you participate in this research, you will have the following benefits:
x The BRH-A2 treatment will be provided free of charge.
x All visits to the foot clinic will also be provided free of charge. You will
not be given any other money or gifts to take part in this research.
What happens if I do not agree to participate?
If you don’t agree to participate in this study, it will not affect the treatment of
your foot ulcer. You will continue to receive your normal treatment by your
podiatrist.
Will my participation or withdrawal have any impact on my routine care?
You do not have to take part in this research if you do not wish to do so and
refusing to participate will not affect your treatment at this clinic in any way.
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You will still have all the benefits that you would otherwise have at this clinic.
You may stop participating in the research at any time that you wish without
losing any of your rights as a patient here. Your treatment at this clinic will not
be affected in any way.
You can ask me or your podiatrist any more questions about any part of the
research study and discuss them with us before you sign the consent form.
Will my participation be confidential?
The information that we collect from this research project will be kept
confidential. Information about you that will be collected during the research
will be put away and no-one, but the researchers (Caoimhe Joyce Hearne Tom
O’ Connor & Declan Patton) will be able to see it. All information will be
examined in the Royal College of Surgeons of Ireland (RCSI) by the
researchers. Any information about you will have a number on it instead of
your name. Only the researchers will know what your number is, and we will
lock that information up with a lock and key. It will not be shared with or given
to anyone without your permission.
Sharing the Results
The knowledge that we get from doing this research will be shared with you
through community meetings before it is made widely available to the public.
Confidential information will never be shared. After these meetings, we will
publish the results in order that other interested people may learn from our
research. The choice to consent or not consent to the photograph of your
wound being visually present in the study’s research paper should these
findings be published is your decision.
We hope to publish the results in order that other interested people may learn
from our research.
Indemnity
Your podiatrist and researchers are insured by the Indemnity Insurance for
RCSI. Your doctors and podiatrist are insured by the State Claims Insurance
Service.
Who is organising and funding this research?
This research is being organised by the Royal College of Surgeons in Ireland
and funded by Jagmed Limited, the company that make the BRH-A2 Wound
Healing Device.
Has this study reviewed by an ethics committee?
Yes
Contact details
Name:

Caoimhe Joyce Hearne
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Address:

School of Nursing, 123 St. Stephen's Green, Royal College of
Surgeons in Ireland, Dublin 2

Phone:

0876631977

Email address:

caoimhejoycehearne@rcsi.ie

As this is a clinical trial and the BRH-A2 is not part of normal care we will ask
you to sign a consent form. This is so that you and hospital know that you have
agreed to take part in the trial. It also gives you the chance to ask any
questions you would like.
Please don’t sign the form until you are you sure you are happy to take part.
If you would like to change your mind you can do so at any time. If you have
any questions, please ask any member of our team or contact
Thank you for taking the time to read this information sheet.

Yours Sincerely

Caoimhe Joyce Hearne
Researcher at RCSI
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Appendix Four: Consent form
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Version 003 Date31/1/18
PATIENT CONSENT FORM
A pilot randomised control trial to measure the effectiveness of combined
modulated ultrasound and electric current stimulation in treating diabetic foot
ulcers.

PLEASE TICK YOUR RESPONSE IN THE APPROPRIATE
BOX
x I have read and understood the Participant Information

YES
NO

YES
x I have had the opportunity to ask questions and discuss the
NO
study
x I have received satisfactory answers to all my questions

YES
NO

x I have received enough information about this study

YES
NO

x I understand that I am free to withdraw from the study
at any time without giving a reason and without this
affecting my future medical care
x I agree to take part in the study

YES
NO
YES
NO

x I understand that I will be unidentifiable from the photograph YES
taken of my wound
NO
x I agree that the unidentifiable photography can be visually YES
present in the study’s research paper should these findings
NO
be published
x I give permission for non-identifiable material/data to be
stored for possible future research related to the current
study subject to research ethics committee approval.
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YES
NO

Participant’s Signature:

Date:

____________________________

____________

Participant’s Name in print:

__________________________

Investigator’s Signature:

___________________________

Date:

____________

Investigator’s Name in print: ________________________
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If illiterate

A literate witness must sign (if possible, this person should be selected by the
participant and should have no connection to the research team). Participants
who are illiterate should include their thumb-print as well.
I have witnessed the accurate reading of the consent form to the
potential participant, and the individual has had the opportunity to ask
questions. I confirm that the individual has given consent freely.
Witness Participant’s
Signature:

Witness Participant’s
Signature
AND Thumb print of
participant

Date:

Witness Participant’s
Name in print:

Investigator’s
Signature:

Date:
Investigator’s
Name in print:
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Statement by the researcher/person taking consent

I have accurately read out the information sheet to the potential participant,
and to the best of my ability made sure that the participant understands the
trial and the reasons for partaking in the trial. I confirm that the participant is
aware of their responsibilities during the trial and is aware that they may decide
to cease participation in the trial at any time.
I confirm that the participant was given an opportunity to ask questions about
the study, and all the questions asked by the participant have been answered
correctly and to the best of my ability. I confirm that the individual has not been
coerced into giving consent, and the consent has been given freely and
voluntarily.

A copy of this ICF has been provided to the participant.

Print Name of Researcher/person taking the consent

Signature of Researcher /person taking the consent

Date
Day/month/year
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Appendix Five: Medical Outcomes Study 36-item Short-Form Health
survey (SF-36) questionnaire
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Appendix Six: PROMIS General self-efficacy questionnaire
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Appendix Seven: Photographic Wound Assessment tool
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